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Manuscripts.—-All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 200 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be numbered consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 

Form of Presentation.Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 


NOTICE TO AUTHORS OF PAPERS 


of procedure. 


The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of JOURNAL. 

In preparing manuscripts for publication in Tas 
JoURNAL, center headings should be avoided as far 
as possible. Side headings followed by a period 
and dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “‘a"’ and continuing in natural order. 


approval of the Council 


2215 Constitution Ave., N. W., Washington 7, D. C. 


Annual Subscription—Journal of the American Pharmaceutical Association, complete (both editions) : 

.00; Canada, $7.70; other foreign, $8.00; members of the American Pharmaceutical Association with 
dues, $4.00. Each edition, Scientific Edition or Practical Pharmacy Edition: 
$4.35; other $4.50. Single numbers, either edition: 


and Pan America, $7 


foreign, $0.50 


Published by the American Pharmaceutical Association under su 
Publication office, 20th and Northampton § 


~_q of the Committee on Publications with the 
, Easton, Pa. Editorial office: Scientific Edition, 


United States 
United States and Pan America, $4.00; Canada, 


United States and Pan America, $0.35; Canada, $0.40; other 


Claims for missing numbers will not be allowed (1) if received more than 60 days from o- of issue, (2) if loss was due to 
failure to give 30 days notice of change of address, or (3) if reason for claim is ‘‘ missing from file: 


Entered as second-class matter January 23, 1917, at the Post Office at Easton, Pa., oh the act of March 3, 1879, as 


24 times a year; 


Scientific Edition monthly on the fifth; Practical Pharmacy Edition monthly on the 20th. 


Acceptance for 


mailing at a special rate of postage provided for in Section 1103, Act of October 3, 1917, authorized July 10, 1918. 


t 
: 
| 
| 
‘ 


Il JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Literature citations should be grouped at the end of 
the manuscript under the heading “References.”’ 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted.”” The sequence followed in the citations 
must be as follows 

(1) Doe, J. B., Am. J. Phsyiol., 79, 289(1927) 

References to books should be in the order given, 
(1) author's surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, 
and (8) page number. A complete book reference 
may be illustrated as follows 

(1) Gilman, H., “Organic Chemistry,’ Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236, 1252 

Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5 cc., ete. 
The forms to be used are: ce., Kg., Gm., mg., mm., 
em., and L 

Figures.—-All drawings should be made in India 
ink, preferably on white tracing paper or cloth 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 

Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
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cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 

Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely to 
have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction 

Tables.—Tables should be carefully constructed 
so that the data presented may be understood easily 
The indiscriminate use of tables should be avoided 
Tables should be constructed so as to occupy fully a 
single column (2.75'') which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the 
manuscript. Tables should be numbered consecu- 
tively using Roman numerals. The table number 
and the title should be placed in a continuous head- 
ing above the data presented. The preparation 
of a clear and concise table of data requires much 
planning and infinite care 
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VEEGUM is an anhydrous powdered ointment 
base easily hydrated in cold water. Viscosity can 
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ble with a wide variety of active ingredients. 
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On a scale that was not usual heretofore, quantitative adsorptio 
is now a recognized procedure. 
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The same controlled quality, uniformity, and purity have bee 
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Ir WAS A BRIGHT EARLY DECEMBER DAY and 
Lieutenant Hudner was flying a Korean combat 
mission alongside another plane piloted by 
Ensign Jesse Brown. A burst of flak caught 
the ensign’s plane and he went spinning down, 
aflame. Despite 
the presence of 
enemy ground 
troops, Lieuten- 
ant Hudner then 
deliberately 
erash landed 
near his flame-trapped shipmate. He radioed 
for help, after which he fought to keep the 
fire away from the fatally injured ensign until 
a rescue helicopter arrived. Today Lieutenant 
Hudner has something to say to you: 


“Maybe if America had been strong enough 
to discourage aggression two years ago, my 
friend, Jesse Brown, might be alive right now. 


Lieutenant (jg) 
Thomas Hudner, Jr. 


US.N. 


The U.S 


So might thousands more of our Korea dead. 

“For it’s only too sadly true—today, in our 
world, weakness invites attack. And peace is 
only for the strong. 

“Our present armed forces are strong—and 
growing stronger. But don’t turn back the 
clock! Do your part toward keeping America’s 
guard up by buying more .. . and more .. . and 
more United States Defense Bonds now! Back 
us up. And together we'll build the strong peace 
that all Americans desire!” Peace is for the 
strong! Buy U.S. Defense Bonds now! 


* * * 


Remember that when you're buying bonds for defense, 
you're also building a reserve of savings. Remember, 
too, that if you don’t save regularly, you generally don’t 
save at all. So sign up today in the Payroll Savings Plan 
where you work, or the Bond-A-Month Plan where you 
bank. For your country’s security, and your own, buy 


U. S. Defense Bonds now! 
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IN ITS MOsT ACTIVE 
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are naturally superior 


The AMERCHOLS ore surfactants which are NATURALLY good for the 
skin and hair. They ore odorless, color free forms of cholesterol and 
related rare sterols which we isolate in purified form from animal 
tissues. They ore stable in the presence of acids, alkalies and most 
drugs. 
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Crystalline Vitamin B,. in Pharmaceutical 
Preparations® 


By THOMAS J. MACEK and BEATE A. FELLER 


Some pharmaceutical properties of crystalline vitamin B,. are reported. The an- 
hydrous solid is hygroscopic and may absorb about 12 per cent of moisture. The 
solid presents no unusual stability problem in the hydrated form, and is also stable 
in dry triturations with mannitol, sodium chloride, and certain sugars. The vitamin 
is quantitatively adsorbed on talc. Crystalline vitamin B,, is stable at room tem- 
perature in sterile aqueous solutions or those containing small amounts ef sodium 
chloride, freshly redistilled phenol, or benzyl alcohol. An incompatibility has been 
observed between vitamin B,, and trace substances occurring in some samples of 
liquefied phenol U. S. P. On the basis of accelerated tests and long-term storage 
tests, crystalline vitamin B,, was found to be chemically compatible with other B 
vitamins and some pharmaceutically useful solvents. 


spectrum. Purity has been established by means 
solubility 
tribution experiments. 


6 | ‘HE ISOLATION in 1948 of minute amounts of 
red crystalline vitamin B, (1) concluded a of 


analysis and counter-current dis 
for the 
factor known to be present in liver. This search 
was hindered by the lack of any reliable 
method. 


25-year search antipernicious anemia In such experiments, the 
characteristic absorption spectrum, especially the 
maximum at 361 my, has proved to be invaluable 


Crystalline vitamin By). U.S. P. has a purity of 


assay 
The discovery (2) that liver contained 


a factor essential for the growth of Lactobacillus 
lactis Dorner (LLD) greatly facilitated the work 
of chemical fractionation and purification. The 
red crystalline vitamin isolated as a result of this 
work had a potency of 11,000,000 LLD units per 
mg., and was almost wholly responsible for the 
growth activity observed microbiologically with 
liver extracts. 

Crystalline vitamin B,. is a coordination com 
cobalt, as dark red 
crystals, and having a characteristic absorption 


plex containing occurring 


* Received January § 
tories, Merck & Co., Inc., 


1952, from the Research Labora- 
Rahway, N. J 


not less than 95 per cent calculated on the an- 


hydrous basis. The anhydrous solid is very 


hygroscopic and may absorb up to 12 per cent 
of moisture when exposed to 50 per cent relative 
humidity. Commercially, vitamin By 
duced by fermentation 

Many chemical properties of vitamin By. are 
known, even though its structure has not yet 
been fully established. Vitamin By. is distin 
guished from related vitamins of the By, 


is pro- 


group 
chiefly by the presence of a cyano group bonded 
to the cobalt atom. Catalytic reduction of 
vitamin B,, by hydrogen, followed by spontane- 
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ous air-oxidation, results in the elimination of 
hydrogen cyanide and the introduction of another 
moiety, e. g., OH~ or H,O, suitable for coordina 
tion with cobalt The resulting cvanide-free 
cobalt complex is generally referred to as vita 
min By,. The exchange of the substituted moiety 
for other possible coordinating moieties gives rise 
to equilibrium between various such cyanide-free 
species. Specifically the species in which OH 

replaces the CN ~ is known as hydroxo-cobalamin, 
vitamin B, being cvano-cobalamin (3), (4). An 
assay for vitamin B,. based on the cyano group 
the vitamin is also 
Solutions con 


has been developed (5, 6); 
assaved microbiologically (7) 
taining no interfering substances can be assayed 
spectrophotometrically by measurement of ab 
sorbancy at 361 mg. The E..~ at the maximum 
near 361 my is 207 for pure, anhydrous vitamin 
By 

The minute amount of vitamin By. required for 
the growth of Lactobacillus lactis Dorner, places 
the vitamin among the most microbiologically 
active compounds. Vitamin B,. has produced 
positive responses in pernicious anemia patients 
following single intramuscular injections of as 
little as 3 wg.; the daily requirement may be as 
little as | wg. Such biological activity also places 
crystalline vitamin By among the most potent 
therapeutic substances known. It is significant 
that despite the high therapeutic potency, crys 
talline vitamin B,» is essentially a nontoxic sub 
stance (8). The therapeutic use of crystalline 
vitamin By in microgram quantities, however, 
has presented some unusual problems as regards 
assay, stability, and formulation of pharmaceu 
tical preparations. Up to the present time, 
however, only a few reports (9-11) relating to 
the pharmaceutical properties of vitamin B), 


have appeared 


EXPERIMENTAL AND RESULTS 


Properties in Solution. One gram of crystalline 
vitamin B,. dissolves in 80 cc. of water at 25°, giving 
a neutral, red-colored solution. Sterile aqueous 
solutions containing from 10 to 1,000 ug. of crystal 
line vitamin By per cc. are employed for therapeutic 
purposes by parenteral administration For opti 
mum stability, solutions should be adjusted to the 
pH range 4.5 to 5.0. Such solutions show no sig 
nificant loss in vitamin B,. when stored at room 
temperature for periods of two years or longer 
Solutions adjusted to pH 4.5 with 0.05 M citrate 
buffer are equally stable and may be sterilized by 
autoclaving without detectable loss of the vitamin 

Data showing the stability of three sterile paren 
teral solutions containing approximately 15 yg. of 
crystalline vitamin B,. per cc. are given in Table I 
These solutions were prepared using distilled water, 
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saline solution containing 0.5", redistilled phenol, 
and saline solution containing 1.5°) benzyl alcohol, 
respectively, as diluents. In each case, the freshly 
prepared solution was sterilized by aseptic filtration 
through a Selas 03 candle. The filtered solution was 
aseptically subdivided into 5-cc. vials and sterilized 
rubber stoppers were applied. The solution was 
assayed initially by measuring the ultraviolet ab- 
sorption at 361 my and after intervals of storage at 
room temperature and at 40 A Beckman Model 
DU Spectrophotometer was used 

Data showing the stability of saline solution of 
crystalline vitamin By (1,000 yg./ce.) at elevated 
storage temperatures are summarized in Table II 
The solution was prepared by dissolving the crystal 
line vitamin By, in 0.9°, sodium chloride solution, 
previously adjusted to pH 4.5 with dilute hydro- 
chloric acid. It was sterilized by aseptic filtration 
using a Selas 03 candle. The filtered solution was 
aseptically subdivided into ampuls. Samples were 
exposed to a temperature of 120° in the steam 
autoclave; samples were also stored at 80° and at 
40° in electric ovens. Changes in the stability of 
the solution were determined microbiologically 
(LLD) and spectrophotometrically by measuring 
absorption in the ultraviolet at 361 mg (U.V.) and 
the visible regions of the spectrum (550 my) at 
convenient intervals 


TABLE I.--STABILITY OF CRYSTALLINE VITAMIN By 
IN AQUEOUS SOLUTIONS 
Micrograms/ Cc 
0.9. NaCl 

Ree NaCl, 

Distilled distilled 15°) Benzyl 
Composition Water Phenol Alcohol 
Initial assay 15.3 14.0 14.0 
After 5mo., RT 15.6 14.1 14.5 
After 2 yr., RT 15.0 14.1 14.4 
After 6 wks., 40° 15.3 14.1 14.3 
After 10 wks., 40° 15.2 14.5 14.3 
After 5mo., 40° 15.1 14.1 14.1 


On the basis of the data summarized in Tables I 
and II, it can be concluded that crystalline vitamin 
By. is stable in simple aqueous parenteral solutions 
at room temperature for as long as two years. No 
discoloration or precipitation was observed in the 
test samples. At excessively high temperatures, 
increased instability of the vitamin B,. was observed 
only after considerable periods of exposure 

Even though slight loss of vitamin B,. may occur, 
sterilization of simple aqueous solutions by auto 
claving at 120° for thirty minutes appears to be 
practical. Solutions prepared from less pure con- 
centrates of vitamin B,. have been reported (9) to 
be unstable to autoclaving 

Preservatives other than redistilled phenol and 
benzyl alcohol were tested. These included chloro 
butanol, chlorothymol, cresol, esters of p-hydroxy 
benzoic acid, and liquefied phenol. Chlorobutanol 
was found to be objectionable because of hydrolysis 
of the preservative resulting in a decrease in pH of 
the solution on autoclaving or storage Some 
samples of liquefied phenol U. S. P. contain trace 
impurities and reducing substances and have been 
found unsuitable as preservatives for solutions of 
vitamin B.. Such solutions invariably discolored 
after preparation, frequently with precipitation 
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TaBLe oF SALINE SOLUTION OF CRYSTALLINE VITAMIN By. ar ELEVATED TEMPERATURES 


Test Period LLD 
Initial assay 942 
After lhr., 120° 967 (0) 
After 2hr., 120° 837 (—11%) 
After 4hr., 120° 7O1l (—25°;) 
After 6 hr, 120° 619 (—34%) 
After Iwk., 80° 
After 2 wks. 80° 780 (—17°%) 
After 3 wks., 80° 772 (-—18%) 
After 4 wks., 567 (—40%) 
After Imo, 40 920 (— 2%) 
After 3mo., 40° 
After mo, 40 

(— 


After 12 mo., 40° 


The discoloration was accompanied by a loss of the 
vitamin B,. component during storage. The in 
compatibility between crystalline vitamin B,. and 
the trace impurity in a commercial sample of lique 
fied phenol U.S. P. which was added as a preserva 
tive is clearly demonstrated by the following data: 


Solution containing 0.5°, liquefied 

phenol 72°; loss 
Solution containing 0.5‘, redistilled 

phenol 49°, loss 


Solution in distilled water 23°; loss 


These solutions, containing 15 yg. of crystalline 
vitamin By per ce., were refluxed at 100° for two 
hours under a slow stream of nitrogen supplied as 
an inert gas. The samples were assayed by measur- 
ing absorption at 361 my before and after the heat 
ing period. Because excessive loss of vitamin By,» 
occurred, the ultraviolet measurements can be 
considered only in a semiquantitative sense 

The stability of crystalline vitamin B,,. has been 
determined in sterile aqueous solutions containing 
other B vitamins. These solutions contained in 
each cc., crystalline vitamin By», 15 ug.; thiamine 
hydrochloride, 10 mg.; riboflavin, 0.5 mg.; niacin 
amide, 25 mg.; calcium pantothenate, 5 mg.; pyri 
doxine hydrochloride, 5 mg.; benzyl alcohol, 15 mg.; 
and sodium chloride, 9 mg. No significant loss of 
vitamin B,. was found by microbiological assay in 
such solutions adjusted to pH 3 and 4.5, respectively, 
during storage in sealed ampuls at room temperature 
for one year 

Properties in Solid Forms. Crystalline vitamin 
B,; containing about 12% of moisture is stable when 
stored in suitably stoppered glass containers. The 
anhydrous solid is hygroscopic. Crystalline vita- 
min By is not decomposed on contact with air but 
should be protected against prolonged exposure to 
strong light. For dry formulations, the use of tritu 
rations of crystalline vitamin By has been found 
to be convenient Triturations containing the 
equivalent of 0.1°; anhydrous vitamin B,,. in manni 
tol, sodium chloride, or dicalcium phosphate have 
been especially useful in the preparation of com 
pressed tablets and capsule mixtures. The tritura- 


tions provide crystalline vitamin B,. in a homogene- 
ous, powdered form which permits accurate weigh 
ing and convenience in handling of the solid 

The stability of crystalline vitamin B,. in the 
form of triturations in mannitol and sodium chloride 
U. S. P. is shown by the data summarized in Table 
Ill. 


Experimental triturations were prepared by 


-Micrograms, Cc. and ‘, Loss 
Uv 


Visible 

O85 1,000 
920 (— 7%) 955 (— 5%) 
870 (—10%) 908 (— 9%) 
780 810 
735 (—25°,) 778 (—22%) 
965 (— 930 (— 
865 (—12°,) 914 (— 9%) 
835 (—14°, 890 (—11°)) 
825 (—16°) 860 (—14° >) 
(— 1°) 988 (— 1%) 

993 (— 1%) 

903 (— 1°) 
065 (— 2°) 983 (— 2%) 


adding an alcoholic solution of crystalline vitamin 
B,, to the required weight of anhydrous powdered 
diluent, with mixing and subsequent drying in vacuo 
Uniform samples of the triturations were stored in 
screw-capped amber bottles at room temperature, 
and were assayed at various intervals for vitamin 
B,. microbiologically and by measuring ultraviolet 
absorption at 361 my 


STABILITY OF TRITURATIONS OF CRYS- 
TALLINE VITAMIN By 


Tasie III. 


> Vitamin By 
Mannitol Sodium Chloride 
Powdered Diluent LLD UN LLD Uv 


Initial assay 0.096 0.100 0.108 0.109 
After3mo.at RT 0.090) 0.096 0.098 
After6mo.atRT 0.098 0.099 0.107 0.110 
Afterlyr.atRT 0.091 0.095 0.103 0.100 


The stability of dry mixtures of crystalline vita 
min By with powdered substances such as U. S. P 
grades of sucrose, dextrose, lactose, tale, and corn 
starch has also been studied, inasmuch as these 
solids are commonly used in the formulation of 
tabldts or dry-filled capsules. The stability of 
crystalline vitamin B,. was found to be satisfactory 
in all of these solids except tale. Vitamin By ap 
pears to be adsorbed quantitatively on tale and 
cannot be eluted by aqueous extraction. This 
property interferes with the assay of mixtures of 
these two substances and, therefore, indicates the 
inadvisability of using tale in preparations con 
taining vitamin 

Compatibility with Other Therapeutic Agents. 
To test rapidly the chemical compatibility of vita 
min By with other vitamins, it was necessary to 
study the stability of vitamin By» with these sub- 
stances in solution. An accelerated test was de- 
vised for this purpose as follows: A solution con 
taining 5-20 yg. of crystalline vitamin B, per ce 
and a large excess of the test substance was pre 
pared at pH 4 using | \/ aqueous acetate buffer 
A sample of the solution was reserved for initial 
The balance of the solution was heated in 
sealed ampuls at 120° for periods up to two hours 
in the steam autoclave. The heated and control 
samples were assayed microbiologically. Crystalline 
vitamin B,. was considered as chemically compatible 
with the test substance if the loss of vitamin By 
did not exceed 15°. In those cases where a loss in 
excess of 15°, occurred, samples of the solution were 
retained for long-term storage at room temperature 


assay 
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Tasie l\ 


Test Substance 


Thiamine HCl 100 mg. /ce. 
Riboflavin 66 y/cc 

Niacin 10 mg./ce. 
Niacinamide 10 mg./ce 
Pyridoxine HC! 10 mg. /ce 
Calcium pantothenate 10 mg. /ce 
Choline chloride 100 mg. /ce 
Choline dihydrogen citrate 100 mg./ce 
Choline bitartrate 100 mg. /cc 
p-Aminobenzoic acid 10 mg./ce 
Inositol 10 mg./ce. 
a-Tocopherol 100 mg. /ce 
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CoMPATIBILITY OF CRYSTALLINE VITAMIN By, AND OTHER THERAPEUTIC AGENTS 


Concentration 


Vol. XLI, No. 6 


Loss of By After 


Heating at 120°, °; Comments 
16 See below 
23 See below 
26 See below 
10 Compatible 
12 Compatible 

4 Compatible 
0 Compatible 
2 Compatible 
0 Compatible 
12 Compatible 
8 Compatible 
78 Incompatible 


(Solution with 80°, Tween S80 


Ascorbic acid 


50 mg./ec 
Loss After 1 Vr. at RT 
rhiamine HCl 7% 
Riboflavin 0 
Niacin 0 
Niacinamide 3% 


Calcium pantothenate 


Taste oF CRYSTALLINE VITA 
MIN By AND PHARMACEUTICAL SOLVENTS 


Concn of Concn. of Loss After 
Solvent Vitamin Vr 
% Bu at RI 
Ethanol U.S. P. 20 1 ug./cc. 0 
Glycerin P. 10 wg./cc 0 
Propylene glycol 
U.S. P. 15 1 0 
Tween 20 25 10 pg./ce. 8% 
Tween S80 25 10 0 


The results of such tests 
a number of vitamins with which vitamin By 
combined summarized in 


and in some cases at 40 
for 
may frequently be 
Table IV. 

The incompatibility of vitamin By. and ascorbic 
acid in 
ported to give rise to a loss of approximately 1.5"; 
vitamin By» per day during storage at room tem- 
perature Under the conditions, 
vitamin B,, is decomposed at much 
rate (11) 

The chemical compatibility of crystalline vita 
min By with certain pharmaceutically useful sol- 


are 


iqueous solutions has previously been re 


however, 
greater 


same 
a 


39 Incompatible 
Loss After 1 Vr. at 40 
Compatible 
12 Compatible 
30 Compatible 
3 Compatible 
Compatible 


vents was also studied. In these tests, aqueous 
solutions containing 1 to 10 yg. of crystalline vita- 
min By per cc. and a large excess of the solvent were 
stored in screw-capped amber bottles at room tem- 
perature for one year. The loss of vitamin By». was 
determined by microbiological assay. Results are 
summarized in Table V. 
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A method is presented for studying the action 

of drugs placed in the lumen of the isolated 

rat or as intestine. The relative 

irritant action of various heavy metals is evalu- 

ated on the basis of their ability to modify 

normal peristaltic contractions of the excised 
rat intestine, 


T= MUCOUS MEMBRANES are located in such 

extensive and important areas of the body 
that frequently, in the administration of a medi 
cament, the drug must first come in contact with 
these membranes before it can reach its intended 
site of action 

Mucous membranes in different parts of the 
body vary in their susceptibility to irritation by 
a given drug, chiefly because of differences in the 
type and thickness of epithelium and of varia- 
tions in the amount and nature of mucus secre- 
tions. 

Because of these factors, it appears that it 
would be very useful to have a method designed 
to detect the irritant action of drugs on a specific 
mucosa and its associated tissues with greater ac- 
curacy than is possible with existing techniques. 
Such a method would be applicable to the mucosa 
of the intestinal tract which is so often subjected 
to the action of various medicinals, either inten- 
tionally or unintentionally. 


EXPERIMENTAL 
General Principle of Method.-The evaluation 


of the irritant effect of a drug as determined by 
this method is based upon its ability to modify in 
a specific way the normal peristaltic contractions 
after introduction into the lumen of isolated small 
intestine. The contractions referred to are the 
peristaltic rushes which originate at the oral end of 
the intestinal segment and proceed to the aboral 
end. The circular muscle of the intestine is chiefly 
involved in these peristaltic contractions which are 
normally initiated by distention of the intestinal 
segment with pressure exerted from within the 
lumen. The technique used in obtaining peristal- 
tic contractions is a modification of the Trendelen- 
burg method (1) 
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A Method to Evaluate the Irritant Action 
Metallic Salts When in Contact with the Intestinal 
Mucosa* 


By ALBERT L. PICCHIONI?* and LEROY D. EDWARDS} 


of Certain 


Apparatus. —Figure | illustrates the essential ele- 
ments involved in recording peristalsis of the isolated 
intestinal segment. The muscle bath, which has a 
capacity of 300 ml., consists of a segment of Pyrex 
glass tubing having a diameter of 52 mm. and a 
length of 16 cm. Both movable and fixed cannulas 
are made from 5-mm. Pyrex glass tubing. The 
former has a length of 6 cm., while the long arm of 
the latter has a length of 25 cm. and the short arm 
has a length of 4cm. The heating element consists 
of one strand of 22 G Chrome! high-resistance wire 
insulated with asbestos cord. This insulated wire 
is made rigid by wrapping it with more asbestos 
cord along with a strip of heavy wire. The unit is 
then bent in a spiral form to fit the glass bath. The 
ends of the resistance wire are connected to a power 
cord which is then attached to a Variac (type 200- 
CM). The segment of rubber tubing connecting 
the fixed cannula with the glass T-tube enables 
removal of the rubber stopper, fixed and movable 
cannulas, and wooden clamp as a unit from the 
bath. 

Test Animal.—-The apparatus designated above is 
particularly adapted to the white rat and guinea< 
pig intestinal segments. Figure 2 shows the normal 
peristaltic contractions of guinea-pig intestine, while 
Figs. 3-7 present typical examples of the normal con< 
tractions of the white rat. The latter was selected 
as the test animal, since the normal pattern of peri- 
stalsis of intestine from this animal appeared to be 
more suitable, especially with respect to the short 
interval between contractions and the uniformity 
in height of contractions 

Technique.—A white rat weighing between 22. 
and 300 Gm. was fasted for thirty-six hours and then 
given food one hour prior to being sacrificed. The 
animal was killed by a blow on the back of the head, 
and the small intestine was exposed. An 8-cm. seg- 
ment of intestine was excised and its lumen flushed 
with Locke-Ringer’s solution, U. S. P. XIV. Seg 
ments from the jejunum or ileum were satisfactory 
The oral end of the segment was tied to the tip of 
the movable cannula aud the aboral end to the tip 
of the fixed cannula. The rubber stopper holding 
the cannulas was then immediately inserted in one 
end of the glass bath, and the bath was filled with 
the nutrient solution previously warmed so that 
the temperature in the bath would be 38°. A con- 

stant stream of air was then passed through the 
bath. The tissue was left undisturbed for thirty 
minutes. After that time, a slight amount of ten 
sion was exerted on the intestine by raising the mov- 
able cannula. Warm nutrient solution was slowly 
introduced into the lumen with a 10-ml. syringe in- 
serted into the rubber fitting at screw clamp B (see 

Fig. 1). When the fluid column arrived at the top 

of the movable cannula, screw clamp A was closed 

Introduction of the nutrient fluid was coutinued 
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Fig. 1 


Screw Clomp 


Lig Aur Supply 


Diagram of apparatus involved in recording peristalsis of the isolated 


intestinal segment 


@ntil the fluid level in the fixed cannula approxi 
mated that in the movable cannula (this amount 
Varied from 3.5to4 ml Serew clamp B was then 
Glosed and the glass T-tube was connected to the 
fixed cannula by means of the rubber connection 


il 


Time IN MINUTES 


Fig. 2.—-Normal peristaltic contractions of an iso 
lated intestinal segment from the guinea pig 


After peristalsis began, it was allowed to continue 
until mucus adhering to the walls of the intestine 
was dislodged. The two screw clamps A and B were 
then opened and the contents of the lumen of the 
intestine removed The lumen was flushed with 
nutrient solution contained in a syringe inserted in 
the rubber fitting at screw clamp A. Peristalsis was 
again initiated as described above. Screw clamp C 
was adjusted so that the fluid column ascended the 
fixed cannula without excessive resistance and yet 
allowed a sufficient amount of the displaced air to 


strike the sensitive rubber membrane of the tam- 
bour, thus reflecting the volume changes of the in- 
testinal lumen 

The record of these peristaltic contractions was 
compared to that obtained after the procedure of re- 
moving the contents of the lumen and applying 
pressure was repeated. This step demonstrated that 
mechanical factors of previous manipulations did not 
modify the pressure response of the intestinal strip. 

The final step was the removal of the solution 
from within the cannulas and the introduction in its 
place of a similar volume of nutrient solution con 
taining the drug to be tested 


Tests with Known Irritants... Several known irri- 
tants were selected with which to study the effects 
produced by these agents when introduced into the 
lumen of the intestine, and thus establish criteria for 
irritant action. Figures 3 and 4 are typical of the 
results obtained. The characteristic response dis- 
played by the intestine to an excess of an irritant 
was the appearance of intense, disorganized, irrevers- 
ible contractions which replaced the normal pattern 
(see Figs. 3 and 4). It was found that concentra 
tions of irritants below certain minimal amounts did 
not produce this effect. Hence it was considered 
that the determination of the minimal concentra- 
tion which would produce these disorganized con 
tractions would serve to evaluate the irritant action 
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Norma! Pressure 0.02 M, 
Peristaitic Reapplied with ph 5.4, in Lumen 
Comtrections 


Locke Ringer's 
Sotution 


Phenol, 0.02 
after five minutes 


IN MINUTES 


Fig. 3.—-The effect of phenol when placed in the 
lumen of an intestinal segment from the white rat 


of drugs when in contact with the intestinal mucosa 

The irritant effects of several caustic acids were 
also studied with this method. In all cases, a pH 
of 2.0 was found to be irritant. Figure 5 demon 
strates the action of one of these acids 

In a similar manner, tests were carried out with 
several caustic alkalies. A solution of a base whose 
pH exceeded 11.0 was always found to be irritant 
when introduced into the intestinal lumen 

Tests with Salts of the Heavy Metals. — The local 
action of the salts of a group of heavy metals was 
studied by the method described above. The molar 
concentration and the pH of solutions of heavy 
metals displaying the irritant effects by modifying 
normal peristaltic contractions are presented in 
Table I. 

The salts of the heavy metals designated with 
italics in Table I indicate those agents which caused 
the irritant effects soon after contact with the 
mucosa of the intestine. The other agents not in 
italics required several minutes of contact before 
the characteristic modification of peristalsis oc 
curred. Incarrying out these tests, the approximate 
effective concentration was first found by repeated 
applications of different molar strengths of the salt 
of a heavy metal in the same intestinal segment 
Once an approximate effective concentration was 
determined, the final minimal concentration was 
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Fig. 4.-The effect of croton oil when placed in the 


lumen of an intestinal segment from the white rat 


Hydrochloric 
3.0, Lumen 


y ocid, ocid, 
ph 2.5, in Lumen ph 2.0, in Lumen 


+ + 4 + + 


TWE WW MINUTES 


Fig. 5._-The effect of lowering the pH of the con 
tents of the lumen of an intestinal segment from the 
white rat 


found by conducting 8-10 additional tests using, 
molar strengths of this range. With the latter tests 
in no case was more than one concentration of the 
salt tested on any intestinal segment 

Figures 6 and 7 show the irritant effect of two of 
these heavy metal salts 


I.--THe MInimat CONCENTRATION AND pH 
or CERTAIN SALTS OF THE Heavy Mertats Dt1s- 
PLAYING AN IRRITANT ACTION WHILE IN THE LUMEN 
OF THE ISOLATED INTESTINAL SEGMENT OF THE 

Wuirte Rat 


Molar 


Heavy Metal Salt Conen. pu 
Zine Acetate 0.00025 5.6 
Zine Chloride 0.00025 5 
Zine lodide 0 00025 6.1 
Mercuric Chloride 0.001 6.1 
Cupric Acetate 0.00383 5.0 
Cupric Nitrate 0.0033 5.5 
Cupric Sulfate 0.0083 5.2! 
Ferric Ammonium Sulfate 0.0033 4.7 
Ferric Chloride 0.0033 2.7 
Ferric Citrate 0.0033 2.5 
Ferric Nitrate 0.0033 2.9 
Ferric Sulfate 0.0033 2.65 
Ferrous Gluconate 0.0033 4.8 
Ferrous Sulfate 0.0033 4.7 
Mercuric Acetate 0.0033 6.5 
Mercuric Succinimide 0.0033 8.7 
Mercurochrome 0.0033 9.3 
Aluminum Chloride 0.01 3.75 
Aluminum Sulfate 0.01 3.6 
Ferric Ammonium Citrate 0.05 6.5 
Ferric Glycerophosphate 0.05 5.3 
Ferric Tartrate 0.05 6.8 


DISCUSSION 


A few of the steps mentioned above under the 
heading ‘‘Technique”’ are worthy of further consid- 
eration 

Feeding the white rat prior to sacrificing was 
found to be a significant preliminary step, since the 
animal thus prepared presented intestinal segments 
which more readily began peristalsis upon disten- 
tion. 
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Fig. 6.-—-The effect of zine chloride when intro 


duced into the lumen of an intestinal segment from 
the white rat 


To avoid fatigue of the intestinal segment, the 
lumen contents must be allowed to be completely 
evacuated without en ountering excessive resistatice, 
such 4s a trapped air column above the fluid column 
in the fixed cannula. This resistance is controlled 
by the proper adjustment of screw clamp C (see 
Fig. | 

Proper tension applied to the intestinal segment 
is as important here as it is with other experiments 
gnvolving isolated smooth muscle. Tension is ex 
erted by raising the movable cannula until the in- 
testinal segment is at full length between the tips of 
the two cannulas 

Che presence of mucus in the system was found to 
interfere seriously with the smoothness of the opera 
tion, especially when it adhered to the walls of the 
intestine A few contractions were usually suf 
ficient to dislodge the mucus, and it was then found 
expedient to remove it 

Contrary to the findings of Magee and Southgate 
2), distilled water in the lumen of the intestinal 
Segment was not found suitable for maintaining per 
istalsis. Hence distilled water could not be em- 
Ployed as the solvent for the agent to be tested. In 
the studies with the salts of the heavy metals, 
Locke-Ringer’s solution without sodium bicarbon 
ate and dextrose was used 

Of the various molar strengths of the heavy metals 
tested, the salts of zinc demonstrated in the lowest 
concentration the modification of peristaltic con 
tractions characterized by several known irritants 
previously tested. Other agents having this effect 
in comparatively low concentrations were the salts 
of the heavy metals of copper and mercury, and 
those tron salts whose solutions attained the lower 
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0.0033™, pH 27, 0.005 M, pr 2.6, 
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4 


Fig. 7.-The effect of ferric chloride when intro 
duced in different soncentrations into the lumen o. 
an intestinal segment from the white rat 


pH levels. In lower concentrations, the aluminum 
salts, as well as the iron salts whose solutions did not 
approach the lower pH levels, demonstrated the least 
effect in modifying peristalsis 

Although it would not be possible to apply the 
results of irritation studies with the technique de 
scribed directly to human intestinal mucosa, the 
relative order of irritation within a series of com 
pounds would probably be the same 


SUMMARY 


A method has been presented for recording 
peristaltic contractions of the intestinal segment 
from the white rat or from the guinea pig. To ob 
tain normal, persistent. peristaltic contractions, 
certain steps which have been discussed must be 
observed. 

The method has been used in the present study 
to evaluate the irritant effects of an agent when 
placed in the lumen of the intestine of the white 
rat. The relative effects of the salts of a group ol 
heavy metals has been determined, 
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Chromatographic Separation and Determination of 
Mixtures of p-Hydroxybenzoate Esters*' 


By T. HIGUCHI, K. P. PATEL, E. R. BONOW,{ and J. LANDSMAN 


A method of separating and determining mixtures of p-hydroxybenzoate esters (para- 


bens), such as may occur in pharmaceutical soe any se is presented. The method 


is based on preliminary extraction of the para 


ns from the product, separation of 


the component esters by partition chromatography, and subsequent determination of 
the individual constituents by ultraviolet spectrophotometry. Data are — sup- 


porting the feasibility of the method as applied to mixtures containing t 


e methyl, 


ethyl, propyl, and butyl derivatives, partition chromatography providing clean separa- 


stneven the p-hydroxybenzoate esters (par 

abens) have been widely used as preserva 
tives for pharmaceuticals, very little work ap- 
pears to have been done on the determination of 
the esters of these products. In this paper 
a method is presented suitable for the determina 
tion of parabens and mixtures of parabens such 
as may occur in common pharmaceutical prep 
arations. 

The method is based on preliminary extrac 
tion of the parabens from the product, separation 
of the component esters by partition chroma 
tography, and subsequent determination of the 
individual constituents by ultraviolet spectro- 
photometry. 


EXTRACTION OF SAMPLES 


Parabens can be readily extracted from aqueous 
medicinal preparations with diethyl ether (or chloro 
form), since the partition coefficient is overwhelm 
ingly in favor of the latter, even with the methyl 
derivative (1/50). Double or triple extraction with 
small portions of ether is usually sufficient. With 
some additional manipulations, the preservatives 
can be readily extracted quantitatively even from 
such items as suspensions, emulsions, etc 


PARTITION C | OF 
ARABENS 


Complex mixtures of parabens can be readily 
resolved by partition chromatography. This is 
illustrated in Fig. 1, which is a partition chromato 
gram of a mixture of butyl, propyl, ethyl, and methyl 
parabens. Although the chromatographic behaviors 
of higher molecular weight homologs were not in 
vestigated, it seems highly probable that the amyl, 
hexyl, and even higher homologs can be resolved by 
this method. In order to realize the full resolving 
power of a partition column, however, careful tech 
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tion of each from the others. 
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niques and a considerable amount of operational 
time are necessary 

Fortunately, in practice it is usually sufficient to 
employ columns of limited resolving power requiring 
less attention, since only one or two parabens are 
present. For example, in separation and analysis 
of mixtures containing only methyl and propyl 
parabens, relatively few fractions must be taken 
The type of chromatogram found is shown in Fig. 2 
The propyl derivative was, in this instance, allowed 
to elute out of the column quickly by decreasing the 
methanol content of the stationary aqueous phase 
Because of the wide separation achieved, it is 
possible for routine purposes, in such cases, to obtain 
the entire propyl fraction in a single large fraction 
The eluant composition can then be changed and the 
entire methyl component obtained in another large 
fraction, 


ULTRAVIOLET ANALYSIS OF COMPONENTS 


The paraben content of the eluate can be deter 
mined either gravimetrically, as was done in obtain 
ing the chromatograms shown, or spectrophoto 
metrically. The gravimetric method is suitable 
where a relatively large sample is available; the 
spectrophotometric technique must be employed, 
however, if the sample contains from 10 mg. to 10 
ug. of the preservative 
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Fig. 1.—Partition chromatogram of a mixture of 
parabens. Twenty-five Gm. of silicic acid wetted 
with 25 ml. of methanol-water mixture containing 
17.5 ml. of methanol was used as the internal phase. 
The composition of the external phase was gradually 
changed from 60:40 (v/v) Skelly-C-carbon tetra- 
chloride to pure carbon tetrachloride to 10°) chloro- 
form in carbon tetrachloride to pure chloroform, 
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FRACTION 
Fig. 2. Partition chromatogram of a mixture of 


methyl and propyl parabens. The first peak was 
eluted off with a mixture of carbon tetrachloride 
ind Skelly-B. The second peak was obtained with a 
mixture of butanol and chloroform. See text for 
details 


Ihe p hydroxybenzoate esters, per se, are rela 
tively nonabsorbing in the near ultraviolet region 
1), as is evident from Fig. 3. Conversion of the 
parabens to their respective phenolates by making 
the solution mildly alkaline greatly enhances the 
extinction coefficients and, at the same time, shifts 
the first absorption peak to the long wave-length 
end, as shown also in Fig. 3. The shapes of the 
absorption spectra of the various esters are, how- 
very similar, since the molecular extinction 
coefficients are approximately the same at all wave 
lengths. This similarity precludes any possibility 
of determining the different parabens by differential 
spectrophotometry. The concentration of the 
separated esters can, however, be readily determined 
from the alkaline solutions 


ever, 


EXPERIMENTAL 
To test the feasibility of the separate procedures 
outlined, a method was developed for the determina 
tion of small concentrations of methyl and propyl 
parabens such as are used for preservatives in many 
commercial preparations 

Preparation of the Sample Solution. — Pipette 
25 mi. of the solution to be analyzed into a 50-ml 
separatory funnel. Acidify with a drop of concen 
trated sulfuric acid and extract with approximately 
10-ml., 7-ml., and 5-ml. portions of ether, 
successively. Evaporate the combined ethereal 
extract in a S)-ml. volumetric flask by application of 
suction and gentle heat while swirling the flask 


Dissolve the residue m 25 ml. of carbon tetrachloride, 
Dilute to the 


ipplving heat if necessary mark 
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with Skelly-B. Use an aliquot of this solution for 
the chromatograph. 

Packing of the Column.—-A partition chromato 
graphic column is prepared, having an internal 
phase consisting of 20 Gm. of silicic acid (Mallinc- 
krodt, Chromatographic Grade), 7.5 ml. of methanol, 
and 13 ml. of water containing one drop of concen 
trated sulfuric acid. An equal mixture of carbon 
tetrachloride and Skelly-B is used as the external 
phase. More exact description of the apparatus 
used and the technique employed in packing of the 
column has been given elsewhere (2). 

Chromatography of the Sample.--A 5-ml. aliquot 
of the prepared sample solution is chromatographed 
on the prepared column. The entire propyl deriva 
tive in the sample is eluted off in a single fraction of 
100 ml. with a 50:50 (v/v) mixture of carbon 
tetrachloride and Skelly-B. The methyl com 
ponent is then eluted out with 5:95 (v/v) butanol 
chloroform mixture in another 100-ml. fraction. 

Analysis of Eluate.Evaporate aliquots of 25 
ml. from each fraction nearly to dryness in 100-ml. 
volumetric flasks by swirling the solution and heating 
gently under vacuum. Dissolve the residues by 
adding exactly 25 ml. of absolute alcohol and two 
drops of 0.2 N sodium hydroxide to each flask. 
Determine the absorbancies of the solution immedi- 
ately at 301 my. If the readings are higher than 
0.9, dilute the solutions with absolute alcohol which 
has been made slightly alkaline with sodium hy- 
droxide, and repeat the absorbancy readings at 
once. 

Calculate the exact concentrations of the para- 
bens on the basis of the absorbancy readings, the 
total dilution factor, and the specific extinction co- 
efficients of the compounds as determined on the 
spectrophotometer used 


N 


Fig. 3..-Ultraviolet absorption spectra of propyl 
paraben in alcohol with and without added base 


RESULTS AND DISCUSSION 


The above procedure was applied to two syn- 
thetic mixtures to test the feasibility of the 
method. The results obtained are shown in 
lable I. The recovery for the first mixture was 
somewhat low; that for the second appeared 
to be quite satisfactory. 
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TABLE I.-RECOVERIES FROM KNOWN SAMPLES 
Amt 
Recov 
Components Amt ered 
Miat Added, 
No Mixture % (Av. of 2) 
l Propyl p-hydroxy- 
benzoate 0 0234 0.0224 
Methyl p-hydroxy 
benzoate O 1746 
2 Propyl p-hydroxy 
benzoate 0 0821 0.0820 
Methyl p-hydroxy 
benzoate G 1080) 1057 


In Table II the results of application of the 
method to a commercial histidine hydrochloride 
Identical results which were 


solution are given. 


consistent with the labeled quantities were ob 
tained for two runs. The precision and the 
accuracy of the method seem to be satisfactory 
for most control purposes. 

In certain cases it may be well to analyze 
the preservative contents of formulations. An 


Since the 1949 report by the authors on the 

comparative buffering capacities of a number 

of the antacids then in common use, several 

new products have appeared. These were 

studied in the same way as in 1949 and the re- 
sults of this study are presented. 


5 i, T ‘WO YEARS AGO we reported a study of the 
“ip comparative buffering capacities of 24 of the 


most commonly used gastric antacids of the non 
systemic type (1). The problem was undertaken 
in order to make available to the prescribing 
physician an authoritative im vitro comparison 
of the relative efficiencies of these preparations. 
So much interest was shown in the data col- 
lected that we decided to add the newer antacids 
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A Further Study of the Comparative Buffering 
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TaBLe Il.—-Resu_ts oF ANALYSIS OF HISTIDINE 
HC. AmpuLs 
Labeled Amt of 
Amt. of Each 
Components Each Recovered, 
Run of Present % 
No Mixture " (Av. of 2) 
l Propyl p-hydroxy 
benzoate 
Methyl p-hydroxy 
benzoate 0.16 
2 Propyl p-hydroxy 
benzoate 0.02 O.O17 
Methyl p-hydroxy- 
benzoute 0.18 


0.16 


aluminum hydroxide suspension supposedly pre 
served with a paraben showed zero concentration 
of the preservative when analyzed. It was 
probably lost through hydrolysis. 
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which have appeared on the market subsequent 
to publication of the first report. Sixteen were 
selected, making a total of 40 preparations in the 
combined study. 

While those preparations investigated repre- 
sent the majority of widely promoted products, 
they have numerous smaller competitors chemi- 
cally very similar and pushed by heavy local ad- 
vertising programs. The large number of pre 
scribing choices thus presented to the physician 
serves to emphasize the need for objective, im- 
partial data on the chemical effectiveness of the 
various antacids. 


PROCEDURE 


Liquid Antacids..-Twenty-five milliliters of 0.1 
N HCI is added to 8 mil. of antacid in a 250-ml. 
beaker and the mixture is stirred continuously. The 
pH is recorded immediately, then every five minutes 
thereafter for the first thirty minutes. To simulate 
the continuous gastric secretion of HCI, an additional 
25 ml. of 0.1 N HCl is added to the mixture every 
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thirty minutes. The electrodes of the Beckman 
pH meter (Model H) remain in the mixture. Read- 
ings are taken just before the addition of the HCl 
During a test period of three hours, 10 readings are 
taken 
Powdered Antacids or Powdered Tablets. 

I'wenty-five milliliters of 0.1 N HCl is added to the 
maximum recommended dose, or to any other 
«lected quantity of antacid. The procedure con 
tinues from this point as for liquid antacids 


EXPERIMENTAL 


Sixteen recently marketed antacids were com- 
pared as to their acid-consuming power by the 
methods outlined above. Those studied are desig- 
nated in the following list by composition rather 
than by trade names rhe figures in parentheses, 
ie. (1:2), (7:1), ete, are the approximate quantita 
tive ratios existing between the active ingredients 
contained in each 


1 Aluminum hydroxide plus magnesium trisili 
cate suspension (1:2) 
Aluminum hydroxide gel plus magnesium 
trisilicate suspension (7:1 
Aluminum hydroxide plus magnesium tri 
silicate tablets (1:1) 
{ Aluminum hydroxide gel (dried) plus mag- 
nesium trisilicate tablets (1:2 
» Aluminum hydroxide gel (dried) plus mag 
nesium trisilicate tablets (2:1) 
6. Aluminum hydroxide plus magnesium tri 
silicate tablets (1:2) 
7. Aluminum hydroxide plus magnesium tri- 
silicate tablets (2:1) 
S Aluminum hydroxide plus magnesium tri 
silicate plus methyleellulose tablets 
4 Aluminum hydroxide plus magnesium tri 
silicate plus  methyleellulose — tablets 
1), plus calcium carbonate tablets (3:7) 
11. Magnesium trisilicate suspension (20%) 
12. Polvamine resin powder 
Polyvamine resin tablets 
14 Polyamine resin plus gastric mucin tablets 
15 Sodium carboxymethylcellulose liquid 
It} Sodium = carboxymethyleellulose plus mag 
nesium oxide tablets (3:1) 


pH or Mixtures oF 0.1 V Pius 8.0 
ML. or Liguip ANTACID 


Time, Sample Number 
Min 1 2 il 15 
4.06 4.70 1.45 1.62 
5 5.16 5.26 2.47 1.77 
10 6.04 5.93 4.83 1.80 
15 6.26 6.22 5.86 1 81 
20 6.44 6.34 6.26 1.83 
30 6.66 6.48 6.63 1.85 
4.46 6.46 6.49 1 41 
4.12 4.25 6.35 1 3l 
120 3.88 4.05 5.44 1.25 
150 3.64 3.88 2.75 1.20 
3.44 3.68 2.06 1.18 


Since milk in its various forms is widely used as 
an adjunct buffer in treating gastric difficulties due 
to hyperacidity, several milk preparations were also 
studied. Those were: table cream; half and half; 
homogenized whole milk; and skimmed milk 

The comparative data collected are shown in 


Tables Lto VI 
DISCUSSION 


Since the appearance of our first report, antacid 
combinations including in their formulas cellulose 
derivatives such as methylcellulose and sodium car 
boxymethyleellulose have become well known 
Resin combinations are now also widely promoted. 
An amino acid (glycine )-calcium carbonate mixture 
was included in the study and it turned out to have 
not only the strong neutralizing power expected of 
the carbonate but the ability to sustain the high pH 
resulting from the double decomposition 

At first glance it might be said that the glycine 
carbonate combination, since it produced the great 
est elevation in pH, was the most therapeutically 
worth-while member of this antacid group. Atten 
tion should be called, however, to the belief that the 
most effective therapeutic agent is not necessarily 
the one that most nearly neutralizes the gastric 
acidity. The point has been raised that there must 
be a balance between protection of the gastric lining 
against the hydrogen ion and diminution of normal 
gastric enzymatic digestion. The latter is dependent 
upon preservation of its optimum pH. Several 
authors (2-4) suggest that a pH of 3.5 to 4.0 eflects 
the desired compromise 


Il pH or Mixtures or 0.1 Pius 1.0 GM. Active INGREDIENTS OF ANTACID 


Powder 
Amount Used 
1 Tab 140 i Tab 109 2 Tab 
Time 
Min ‘ 6 7 
1.35 1 48 1.50 1.42 1 55 
1 1.78 2 18 1.85 2.65 
iw 2.14 3.33 2.75 2.85 3.86 
3.82 3.50 3.54 4.00 
02 $90 3.75 4.18 
30 5S 4.16 3.93 4.22 
Ho 3.54 2.93 4.01 
120 237 76 3.20 1.67 32 
2 15 2 97 1.55 2.91 
2m 2 48 1.46 2.52 


and Powdered Tablets 


1.0 Gm. Active Ingredients 


tots 


165 1.34 2 Tab 1.00 4 Tab 2 Tab 1 Tab 

Sample Number 
8 10 12 13 16 
Ov 1.42 4.80 1.28 1.52 183 2.40 
44 2.21 5.99 $95 3.53 3.65 +00 
a5 3.27 6.94 4.50 4 4.08 
51 3.5 7.25 5.59 4.92 5.08 5.28 
74 3.67 7.36 5 80 5 26 5.37 5.85 
92 3.79 7.47 6.00 5.76 5.73 6.8 
us 1.94 7.56 $40 349 4.00 373 
20 1.82 7.10 2.18 2.30 2.59 2.58 
MM 1.78 5.86 1.72 186 2.00 
67 1.72 3.28 1.58 1.59 1 64 1.82 
S| 1.66 247 1.48 1.48 1.51 1.67 
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pH or Mixrures or 0.1 N HCL + Maximum RecoMMENDED Dost or ANTACID 


~-Amount Used——— 


16 MI 2 Tab 2 Tab 2 Tab. 2 Tab 16 MI 16 MI. 4 Tab. 
lime Sample Number 
Min 4 5 6 15 16 
' ASD 1.70 1.29 1.40 1.57 3.18 3.25 1.45 
5 6.33 2.11 1.79 3.45 2.18 5.91 3.44 7.05 
6.74 3.08 2 4.14 3.64 6.37 3.45 8.37 
15 7.04 3.68 3.41 4.31 4.01 6.59 3.46 8.91 
20 7.2 3.88 3.78 4.35 4.18 6.70 3.46 9.28 
30 7.46 4.14 4.09 4.42 4.35 6.86 3.46 9 82 
60 6.46 3.84 3.84 410 3.65 6.57 1.80 7.70 
5.07 3.54 3.63 4.06 3.03 6.60 1.50 421 
120 4.37 3.30 3.47 4.02 2.37 6.68 1.35 3.04 
150 4.2 3.14 3.00 4.00 1.89 6.68 1.30 2.14 
180) 4.12 2.87 2.42 3.99 1.69 6.65 1.25 1.93 


Nos. 7-10 and 12-14 may be 


* Numbers omitted here for brevity will be found as follows: No. 2 may be found in Table I; 


found in Table II 


Paste LV. —pH or Mixtures or 0.1 N Pius SUMMARY 
120 ML. or Various MILK PRopucts 


Half eee 1. Data on the comparative buffering capac 


Time, Table and genized Skim ity of 16 additional commercially available gas 
Min Cream Half Milk Milk 
1/, 439 5.60 556 5.70 tric antacids are added to that for the 24 previ- 
) 5.48 5.67 5.72 5.75 ously studied (1) 
3 74 2. The resin antacids in this study did not 
») 5 590 5.75 5.80 5.78 raise the pH as rapidly or as high as the resin 
: 30 5.68 5.73 5.82 5.78 (sample 24) described in the original report, vet 
60 4.77 5.04 5.18 5.1: shale neuer wes ened 
3.67 423 444 4.28 — 
120 2.66 3.37 3.62 3.45 3. The sodium carboxymethyleellulose ant 
150) 2.18 2.58 2.83 2.64 acids show no particular chemical advantage 
180 2.038 2.18 2.34 2.19 
over other types. : 


Taste or Mixtures or 0.1 N + 120 Propuctr + 8 ML. Liguip Antacip* 


Antacid Plus Antacid Plus Antacid Plus Antacid Plus Antacid Plus 
Time, 120 Ml Table Half and Homogenized Skim 
Min Water Cream Half Milk Milk 
I/, 5.30 5.75 5.62 5.87 5.75 
5 6.51 6.63 5.33 6.58 6.62 
10 6.68 6.80 6.69 6.69 6 80 
15 6.80 6.93 6.81 6.80 6 88 
20 6.89 7.00 6.89 6.89 6.95 
30 6.98 7.04 6.99 7.05 7.02 
60 4.70 6.32 6.16 6.33 6.25 
90 4.49 5.69 5.62 5.82 5.76 
120 4.27 5.13 5.08 5.35 5.27 
150 4.37 4.54 4.91 4.80 
3 5 3.88 4% 


* Aluminum hydroxide gel + magnesium trisilicate suspension (7:1), sample No. 2 


Tas_e VI.— pH or Mixtures or 0.1 + 120 Mi. Propuct + 1.0 Gm. Antacip Tan." 


Antacid Plus Antacid Plus Antacid Plus Antacid Plus Antacid Plus 
rime, 120 Mi Table Half and Homogenized Skim 
Min Water Cream Half Milk Milk 

1.93 3.75 4.82 5.80 5.36 

5 3.39 5.63 5.70 5.87 5.77 
10 4.13 5.82 5.73 5.98 5.85 
15 4.36 5.84 5.93 5.99 5.93 
20 4.43 5.93 5.98 6.02 5.95 
30 4.50 6.00 6.04 6.07 6.00 
60 3.79 5.24 5.48 5.51 5.44 
90 3.11 4.51 4.79 4.95 4.85 
120 2.75 3.79 4.23 4.36 4.26 
150 2.0) 3.15 3.65 3.85 3.73 
180 2.29 2.82 3.13 3.34 3.23 


Aluminum hydroxide + magnesium trisilicate tablets (2:1), sample No. 4 in previous paper (1) Used 1.53 Gm. powdered 


tablets, equivalent to 1.0 Gm. active ingredients 
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Methyleellulose in combination with alu- 
minum hydroxide and magnesium trisilicate 
(ratio 1:1:1) displayed a tendency to hold the 
PH to a slightly lower level than that obtained by 
the inorganic combination alone. 

5. Milk, with or without cream, homogenized 
or unhomogenized, raises the pH rapidly and 
holds it at a high level for at least two hours. 

6. Support is given the previous conclusion 
(1) that an antacid composed of a mixture of two 
parts aluminum hydroxide and one part mag- 
nesium trisilicate seems to combine the best 


features of both 


The toxicology and pathology of alcoholic ex- 
tracts of the roots of Asclepias tuberosa L., 
Asclepias syriaca L., Asclepias speciosa Torr., 
isclepias incarnata L. var. alba Hort., Asclepias 
incarnata L. var. pulchra Hort., and Asclepias 
curassavica L. have been studied and the re- 
sults are reported. The de-alcoholized, buf- 
fered, filtered fluidextract of the root of 
Asclepias tuberosa L. was subjected to a pre- 
liminary pharmacological examination, and 
the results are discussed. 


A* 1eEW of the medical literature shows that 

the drugs from the genus Asclepias have 
been empirically emploved in medicine for over a 
hundred vears. Recently, Costello and Butler 
(1) have shown for the first time that a fluidex 
tract of .lsclepias tuberosa possessed considerable 
estrogemic and uterine-stimulating activity. The 
present investigation was made to investigate 
these actions further. In addition, toxicological 
and pathological studies of the root systems of the 
following six species of Ascleptas are presented: 
é[scle pias tuberosa L., Asclepias syriaca L., Ascle 
plas speciosa Torr., pias curassat twa L., 
Asclepias incarnata L. var. alba Hort., and A sele 
pias incarnata L. var. pulchkra Hort. 
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7. The glvcine-calcium carbonate combina- 
tion brought the pH up the most rapidly and to 
the highest level of all the preparations which 
were investigated. The sustaining power was 
stronger, in addition. 
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Toxicology, 


HISTORY 


In a survey of the literature concerning the plants 
of the genus A sclepias, one is amazed at the number 
of references to investigations by members of the 
United States Department of Agriculture on toxi- 
cological and pathological conditions produced by 
Asclepias species in range animals 

Marsh, Clawson, Couch, and Eggleston (2) have 
experimented with 4. galioides H. B. K. and have 
shown the above-ground portions of the plant to be 
toxic to range animals 

Glover, Newsom, and Robbins (3) have shown 
that a very small amount of A. verticillata L. was 
toxic to sheep and rabbits 

Marsh and Clawson (4) state that 4. pumila Vail 
and A. verticillata var. geyert produce in animals 
pathological symptoms closely resembling those 
produced by A. galioides H. B. K 

Muenscher (5) states that A. tuberosa L., A 
syriaca L., and A. speciosa Torr. have caused 
some poisoning in range animals feeding on their 
leaves and stems 

A review of the pharmacological literature re 
veals the work of Felter and Lloyd (6), who state 
that A. tuberosa L. and its preparations slowed the 
action of *he heart and lowered arterial tension and 
local hyperemia by vasomotor control 

Boyd (7), in 1928, investigated the action of 4 
tuberosa L. upon the isolated intestine and heart, 
on the heart im vivo, on blood pressure, and on res 
piration. Throughout this work Boyd did not 
give any experimental details or methods, and did 
not state the type of preparation he used in his ex 
periments. 

Costello and Butler (1) carried on a preliminary 
pharmacological examination using as the test 
material a de-alcoholized, filtered, and buffered 
fluidextract of Asclepias 
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June, 1952 


EXPERIMENTAL 


Toxicology and Pathology..The root systems of 
each of the six species of plant employed in this 
study were extracted with 95% alcohol, the solvent 
was removed in a vacuum, and the residue was 
weighed and redissolved in 10 cc. of alcohol. The 
alcoholic solution was then diluted with distilled 
water so that each 0.1 cc. was equal to 20 mg. of 
the residue or 80 mg. of the crude drug. These 
preparations shall be referred to as the prepared 
alcoholic extracts. All injections were made into 
the marginal ear vein of the rabbit and intra- 
peritoneally in the rats. Upon death all animals 
were autopsied 

Marsh, Clawson, Couch, and Eggleston (2) have 
described the symptoms of poisoning in animals 
which have eaten A. galioides H.B. K. The animals 
observed in this study exhibited similar symptoms; 
namely, partial paralysis (with excessive salivation 
in the rabbit), a stage of convulsions followed by 
opisthotonos and emprosthotonos, mild tetanic 
spasms, and finally death. Doses of 0.04 cc./Kg 
of the prepared alcoholic extracts of each of the 
plants induced a state of partial paralysis in the ani- 
mals almost immediately after intravenous injec- 
tion. All of the animals employed in the above 
experiments were immediately autopsied and the 
following observations were made. 

The surface vessels of the brain were inflamed, 
and clots were observed between the cerebrum and 
the cerebellum. The heart was in systole and often 
petechiae were observed. The lungs were blanched, 
hemorrhagic, and often collapsed. The liver ap- 
peared to be normal in all the animals. The kid- 
neys appeared to be congested. In one animal the 
right kidney was hemorrhagic. The gastrointesti- 
nal tract was blanched and distended with air 
The mesenteric arterioles exhibited a slight hemor- 
hage. The bladder was usually empty at autopsy 
because of the fact that it was usually emptied dur- 
ing the early convulsive states. The blood vessels 
of the meninges of the spinal cord were distended 
with blood. In 50°; of the animals, clots were ob- 
served in the cervical and lumbar regions 

A survey of the literature indicates that all of the 
experiments conducted with members of the genus 
Asclepias by previous workers have been with 
herbivorous animals. Therefore the following series 
of experiments have as the test animal the labora 
tory rat which exemplifies an omniverous type of 
animal 

The same extracts that were employed in the rab- 
bit experiments were employed in this series. Five 
milligrams per animal was administered intra- 
peritoneally daily over a period of five days It is 
quite interesting to note that at the end of the five- 
day period no animal had died. This indicates that 
in the low dose range the toxic material did not ac 
cumulate in the tissues or organs. At the end of the 
five days, the animals were killed and the organs 
grossly examined. The heart, lungs, liver, kidneys, 
and endocrine glands were normal in all respects. 
The gastrointestinal tract was slightly distended 
with air. 

Ten milligrams per animal was administered 
intraperitoneally daily over a period of ten days 
At the end of the fifth day all of the animals were 
living but were in poor physical condition. All 
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animals were suffering from diarrhea and were 
continuously in tremors. They would not partake 
of any food and appeared to have general muscular 
paralysis. The animals were killed and the organs 
were grossly examined. Petechiae were noted 
in the hearts of 60°, of the animals) The lungs 
in all of the animals were blanched and hemorrhagic. 
The liver appeared to possess very small petechiae. 
The kidneys of all of the animals were swollen 
The gastrointestinal tract was blanched, distended 
with air, and hemorrhagic in all of the animals. 
The ovaries, adrenals, and pancreas appeared to be 
normal 

The cause of death from intravenous injection 
of our prepared alcoholic extract was respiratory 
failure and severe convulsive states. The alcoholic 
extracts of the roots of these plants produce toxic 
symptoms similar to those produced by the aerial 
portions of the plant when introduced into the 
systems of herbivorous as well as of omnivorous ani- 
mals. 

Phermacology.—-A_ series of experiments was 
conducted using as test objects the blood pressure, 
respiration, and uteri of cats and rabbits in vivo, 
and frog and turtle hearts. Figure 1 shows that 
with the injection of 0.01 ce. /Kg. of a de-alcoholized, 
buffered, and filtered fluidextract of the root of 
Asclepias tuberosa L. (hereinafter referred to as 
“the prepared fluidextract’’), the uterine muscle of 
the cat exhibited a marked increase in tone, this 
activity continuing for a period of approximately 
thirteen minutes. The blood pressure and respira- 
tion were not affected at this dose level. The injec- 
tion of an additional 0.03 cc./Kg. of the prepared 
fluidextract caused a further increase in the tone and 
amplitude of the uterus; but at the same time it 
produced a rise in the blood pressure and an in- 
crease in the rate of respiration. The duration of 
the effect of this second dose was for a period of 
approximately fourteen minutes. 

The same prepared fluidextract was tested upon 
a series of rabbits. With the injection of 0.1 cc./Kg. 
into the marginal ear vein, the uterus exhibited a 
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Fig. 1. Effects of prepared fluidextract of A sclepias 
upon uterus, blood pressure, and respiration of the cat. 
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marked increase in amplitude and tone. The in- 
crease is so great at this dose level that for a period 
of approximately two minutes the uterus appeared to 
be in a spastic state. The blood pressure at first 
rose but then tended to drop to slightly below nor 
mal, from which state it returned to a slightly ir- 
regular state The respiration showed a slight 
increase but immediately returned to normal. Six 
minutes after the injection, the uterus went into a 
state of partial relaxation and remained in this 
condition for a period of ten minutes At the 
conclusion of this period, the uterine muscle again 
returned to normal 
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Fig. 3.--A comparison of the activity of prepared 
fluidextract of Asclepias and Pitocin upon the rat 
uterine muscle 


The prepared fluidextract was then tried upon 
the frog heart in verve using the method of Hiner (8) 
Repeated doses of 0.5 ce., when placed in the heart 
chamber, caused a slight increase in the tone in con 
junction with a decrease in rate and amplitude 
(Fig. 2 

The prepared fluidextract was next tested upon 
the turtle heart in cive. The addition of 0.4 cc. to the 
atria and ventricles produced a slight reduction in 
amplitude while the rate and tone remained rather 
constant 

Costello and Butler (1), while studying the com- 
parative action of Asclepias against various uterine 
acting drugs, stated that 0.05 ce. of the prepared 
fluidextract of Asclepias showed about the same 


Fig. 2. -Effect of prepared fluidextract of Asclepias upon the frog heart using the Hiner method 


stimulating action on the uterine muscle as 0.1 unit 
of Pitocin. Figure 3, prepared by using the uterine 
muscle of a white rat (weighing 125 Gm.) and an 
oxygenated muscle bath, demonstrates this approxi- 
mate relationship 


SUMMARY 


1. The prepared alcoholic extracts of the 
roots of A. tuberosa L., A. syriaca L., A. speciosa 
Torr., A. curassavica L., A. tncarnata L. var. 
alba Hort., and A. incarnata L. var. pulchra Hort. 
are toxic when injected into rabbits and rats in 
relatively small doses. 

2. The gross pathological findings indicate 
that the prepared alcoholic extracts of the roots 
of the above six plants produce a blanching of the 
lungs and gastrointestinal tract of both rabbits 
and rats. In addition they produce a congestion 
of the kidneys, and slight hemorrhages in the 
brain, lungs, mesenteric arterioles, and the cer 
vical and lumbar regions of the spinal cord. 

3. Small doses of the prepared fluidextract of 
Asclepias tuberosa L. produce an increase in the 
tone of uterine muscle in vitro and in vivo and have 
little or no effect upon the blood pressure, respira 
tion, or heart. 
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Six N-substituted isovaleryl amides, ureas, 
and biurets containing the piperazine ring 
have been synthesized and examined for pos- 
sible sedative action. In rabbits no sedation, 
hypnosis, or other central nervous system 
depressant effects were observed at the dose 
levels employed. 


T= reaction report by Nonas (1) on the pos- 

sible clinical usefulness of 1-diethylearbamyl 
piperazine, Subdamine (1), as a daytime sedative 
suggested examination of the acyl derivatives of 


closely related piperazines for similar activity. 
Subdamine may be considered as a tetra-alkyl 
urea with the piperazine moiety representing a 
unique dialkyl group. That sedative or hypnotic 
properties might be anticipated in such a deriva- 
tive is suggested by the work of Buck, ef al. (2), 
who found hypnotic activity in a large number of 
alkyl Several N- 
substituted acyl amides, ureas, and biurets are 


and aryl-substituted ureas. 


reported in the literature to possess varying de 
grees of sedative action, e. g., N,N-diethyl iso 
valeramide (Valyl) (3) and 1|-diethylacetyl-5,5 
pentamethylene biuret (4). Since there are no 
published data concerning compounds which con 
tain the piperazine moiety as a unique dialkyl 
group, the investigation of such derivatives was 
undertaken in this laboratory. The results are 
summarized in Table I. 

The isovaleramides (SD-16, SD-22) were pre 
pared by reaction of isovaleryl chloride with | 
methyl piperazine and |-carbethoxy piperazine 
Reaction of isovalery] isocvanate with the same 
starting materials vielded the corresponding iso 
valerylureas (SD-41, SD-38). The reaction of 
nitrourea with |-carbethoxy piperazine by the 
procedure of Davis and Blanchard (5) gave | 
carbethoxy piperazine-4-carboxamide (SD-29) 
The latter compound, with isovaleryl isocyanate, 
yielded the corresponding isovaleryl biuret (SD 
37). These reactions were run only once, and in 
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N-Substituted 


the light of accumulated experience it is likely 


that some of the yields could be improved on 
repetition. 

Pharmacologic data in rabbits indicate that 
none of these compounds show promise as seda- 
tive agents. No physiological effects were noted 
for SD-29, 37, 38, or 41 when administered orally 
in doses ranging up to 1,000 mg./Kg. Respira- 
tory stimulation was observed with SD-16 in the 
dose range of 600-1,000 mg./Kg. Doses of 
0.5 to 1.0 ce./Kg. of SD-22 produced loss of 
neuro-muscular control, followed by convulsions 
and death. 
produced sedation at 100-200 mg./Kg. and sleep 


By way of comparison, Bromural 


averaging one hundred and forty-five minutes at 
500 mg. Kg. 


EXPERIMENTAL 


1-Isovaleryl-4-methyl Piperazine Hydrochloride 
(SD-16).—A solution of 19.6 Gm. (0.163 mole) of 
isovalery! chloride in 25 cc. of dry chloroform was 
placed in a 250-cc. three-neck flask fitted with a 
sealed stirrer, reflux condenser, and dropping funnel 
(the latter protected by calcium chloride tubes) and 
treated over a period of seventy-five minutes by the 
dropwise addition of a solution of 16.3 Gm. (0.163 
mole) of 1-methyl piperazine (6) in 25 ce. of dry 
chloroform. When addition was completed, the 
mixture was refluxed on a water bath for one hour 
and allowed to cool to room temperature. The 
precipitated solid was removed by filtration, re 
crystallized once from acetone-ether and twice from 
acetone. The yield was 5.8 Gm. or 16° 

1-Isovaleryl-4-carbethoxy Piperazine (SD-22). 
A solution of 19.3 Gm. (0.16 mole) of isovaleryl 
chloride in 35 ce. of dry chloroform in an apparatus 
similar to that described above was treated by the 
dropwise addition of a solution of 50.6 Gm. (0.32 
mole) of l-carbethoxy piperazine (7) in 50 ce. of 
dry chloroform over a period of two hours. During 
the course of the addition the inside temperature was 
kept below 20° by the occasional application of a cold 
water bath. When addition was completed the re 
action mixture was warmed to reflux on a water 
bath for forty-five minutes, cooled, and concen 
trated at the water aspirator to remove most of the 
solvent. A small quantity of solid material sep 
arated and was removed by filtration. The bulk of 
the residue could not be obtained crystalline and 
was finally distilled im vacuo. Yield, 14.6 Gm 
(38°,), b. p. 168-170°/4 mm., 1.4850 

Isovaleryl Isocyanate..-Prepared in 57% yield 
by the method of Hill and Degnan (4), b. p. 583 
54°37 mm 

1-Carbethoxy Piperazine-4-( N-isovaleryl )carbox- 
amide (SD-38)..-A_ three-neck 5iW)-ce flask 
equipped with a sealed stirrer, reflux condenser, and 
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CH, CH, 
R,—N N—R 
CH,—-CH, 
Yield Nitrogen, 
No R R» M.P Caled Founde 
CH 
16 CH;—-CH—-CH,—C CH, 16 173-174 12 69 12 58 
12.59 
CH 0 
CH CH CH COOEt 3S 168-170° 4 11 11.64 
mm 11 #2 
CH 
SD41 CH, -CH—CH,—-C—NH—C CH 37 70 5-81 Is. 49 18.35 
18 35 
CH 
COOEt &S 5-005 14.73 14.81 
14.80 
H.eN--C COOEt 62 159-161 20 88 BORD 
20 52 
CH oO 
SD-37 CH CH CH C—NH—-C—-NH—C COOEt 24 103 .5-105 17.06 16.72 


By Kjeldahl 
Hydrochloride salt 
Boiling point. Not obtained crystalline 


dropping funnel (the latter protected by calcium 
chloride tubes) was charged with a solution of 26.1 
Gm. (0.165 mole) of L-carbethoxy piperazine (7) in 
100 cc. of anhydrous ether. Isovaleryl isocyanate 
(19.1 Gm., was added dropwise over a 
period of thirty minutes. The reaction was exother 
mic. When addition was completed, the reaction 
mixture was refluxed until the isocyanate odor disap 
peared (five hours) and the solvent was removed by 
atmospheric distillation. The viscous, oily residue 
crystallized on trituration with heptane. The yield, 


0.15 mole 


after two recrystallizations from heptane, was 22.0) 
Gm. or 51% 

1-Methyl Piperazine-4-( N-isovaleryl carboxam- 
ide (SD-41).— This material was prepared from 1 


by the procedure described 
The yield was 37%. 
1-Carbethoxy Piperazine-4-carboxamide (SD- 
29).—A three-neck 1-L. flask fitted with a sealed 
stirrer, reflux condenser, and inside thermometer 
was charged with 101.5 Gm. (0.64 mole) of l-car 
bethoxy piperazine (7), 84.3 Gm. (0.80 mole) of 
nitrourea, and 160 cc. of water. The mixture was 
heated on a water bath to an inside temperature of 
)-H0° and maintained at this temperature for 
thirty minutes. On cooling, the product crystallized 
and was removed by filtration. Concentration of 
the filtrate yielded additional amounts of crude 
product. After one recrystallization from 99° 
propanol the yield was 80.1 Gm. or 62°), m. p 
159-161 Kushner, ¢f al. (8), have previously pre 
pared this compound in 86°, yield by the reaction 


methyl piperazine (6 
above for SD-38 


1so 


We are indebted to Robert A. Miller and Charlotte I 


Mueller for these determinations 


of lL-carbethoxy piperazine dihydrochloride with 
potassium cyanate. They report a melting point of 
161-1L62° 

N - Isovaleryl - N’ - (4 - carbethoxy - | - pipera- 
zoyl) Urea (SD-37)..-A three-meck 50)0-ce. flask 
fitted with a sealed stirrer and a reflux condenser 
(calcium chloride drying tube) was charged with 
22.1 Gm. (0.11 mole) of l-carbethoxy piperazine-4- 
carboxamide, 12.7 Gm. (0.1 mole) of isovaleryl iso- 
cyanate, and 150 ce. of anhydrous ether. The mix 
ture was refluxed until the odor of isocyanate dis 
appeared (sixteen hours). After cooling, the product 
was removed by filtration and purified by heating 
with water, decanting the hot supernatant solvent 
from the oil which formed, adding fresh water, and 
repeating the procedure until all the oil had gone 


into solution. The yield was 13.0 Gm. or 42°. 
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A series of 21 derivatives of acetoacetamide 
has been puigeere and examined for possible 
sedative or hypnotic properties. Although 
five of these derivatives are mildly sedative, 
the conclusion is drawn that introduction of 
the S-acetyl group into aliphatic amides 
possessing sedative or mild hypnotic pro 
erties does not enhance, and may diminish, 
these properties. 


Wm the accumulation of information in the 
literature, it has been noted with interest 
that many drugs which are known or thought to 
exert their action through depression of the 
central nervous system incorporate within the 
molecule a ketonic carbonyl group, e. g., 6-di- 
methylamino-4,4-diphenyl-3-heptanone (Metha- 
don), 3,3 - diethyl-2,4 (1H,3H) - pyridinedione 
(Presidon), ete. In some cases the carbonyl 
derivative is more active than the parent sub 
stance, e. g., dihydromorphinone is a more 
potent analgesic than morphine. The rather in 
definite situation with regard to any generalized 
influence on physiological activity imparted to a 
drug molecule by the presence of a ketonic car- 
bonyl group has been aptly stated by Jenkins and 
Hartung (1), who point out the lack of pertinent 
data and note that, in general, compounds con 
taining the carbonyl group tend to be hypnotic. 

Since a relatively large number of simple acyl 
amides and carbamides possess sedative or even 
mild hypnotic properties, it was of interest to 
the corresponding 
simple keto acids for similar or, possibly, en- 


investigate derivatives of 


hanced properties. In what appears to be the 
only pertinent reference in the literature, Lumiere 
and Perrin (2) have examined five a,a-disubsti 
tuted acetoacetamides and found that a,a-di 
ethylacetoacetamide and a,a-dipropylacetoacet- 
As a part of 
a continuing search for new sedative and hyp 
notic agents of the nonbarbiturate type being 


amide possess hypnotic properties. 


carned on in this laboratory, the examination of 
several obvious variations in the structure of 
acetoacetamide was undertaken. The chemical 
and pharmacological results are summarized in 
Table I. 


1951, from the Research Labora- 
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Some Substituted 
Acetoacetamides* 


Il. 


The compounds described here were synthe- 
The a-alkyl 
vields of 
12-53 per cent by the ammonolysis of the corre- 
sponding a-alkyl acetoacetic esters with a large 
excess of aqueous ammonia (Method A) as pre- 


sized by four general methods. 


acetoacetamides were prepared in 


viously described by Meyer (3). Method B en 
tailed the alkylation of a-alkyl acetoacetamides or 
acetoacet-p-phenetidides with alkyl iodides by 
the procedure of Meyer (4) to yield the corre 
sponding a,a-dialkyl acetoacetamides and a-alkyl 
or a,a-dialkyl acetoacet-p-phenetidides, respec 
tively. The 1-phenyl-3-(a-alkyl or a,a-dialkyl 
acetoacetyl) ureas were prepared in variable 
vields by reaction of phenyl isocyanate with the 
appropriate a-alkyl or a,a-dialkyl acetoaceta 
mides (Method C), according to the procedure 
of Wiley (5). These have 
poorly defined melting ranges which were found 
to vary with the experimenter and the rate of 
heating. Reaction of sulfury] chloride with a 
alkyl acetoacetamides or a-alkyl acetoacet-p 
phenetidides (Method D) by the method of 
Biilow and King (6) gave the corresponding 
a-chloro derivatives 

The sedative or hypnotic effects observed after 


latter substances 


oral administration of these compounds to rabbits 
are summarized in Table I. As a standard for 
comparison, Bromural produced sedation at 100 

200 mg./Kg. and sleep averaging one hundred 
and forty-five minutes at 500 mg./Kg. It is 
readily seen by inspection of the data that only 
five of the compounds (SD-1, 6, 9, 14, and 24) 
show appreciable depressant action of the central 
nervous system. All of these are simple a-alkyl 
or a,a-dialkyl acetoacetamides. Introduction of 
an a-halogen (SD-34, 36, and 39) is not bene 

ficial, as is frequently the case with simple ali 

phatic amides. Although Frankel (7) reports 
sedative and analgesic properties for several ali 

phatic acyl-p-phenetidides, viz. lactyl-p-pheneti 

dide (Lactophenin), dipropylacet-p-phenetidide, 
diethylmalonyl-p-phenetidide, and  dipropyl 
malonyl-p-phenetidide, none of the closely related 
acetoacet-p-phenetidides (SD-15, 18, 21, 23, 25, 
and 36) possess sedative properties, and analgesia 
was observed with only one (SD-15). Similarly, 
conversion of acetoacetamides into the corre 
sponding N-phenyl acetoacetyl ureas (SD-3, 4, 
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7, and 10) completely abolished sedative proper- 
ties, and in one case (SD-10) resulted in a stimu 
lant. Under the same experimental conditions a 
sample of dipropylacetamide which differs from 
the most potent of these compounds (SD-9) 
only by the replacement of the 3-acetyl group 
with hydrogen, produced progressive sedative 
effects in the dose range of 100-300 mg./Kg., 
hypnosis and definite analgesia in the range of 
300-600 mg./Kg., and complete depression of the 
central nervous system with smooth recovery at 
doses of 600-1,000 mg./Kg This observation 


some signs of CNS stimulation 


CNS depression; sedative 


1,000 mg./Kg.—sedative action increased and 


iyi suggests the further conclusion that the intro 
duction of a 3-acetyl group into an aliphatic 
EEs& amide possessing sedative or hypnotic properties 
does not enhance and may even diminish these 
properties. 
8s 8 & & 
a-Propylacetoacetamide (SD-8). three-neck, 
3-L. flask fitted with a stirrer was charged with 
ees 284.5 Gm. (1.80 moles) of methyl a-propylaceto 
acetate and 1,090 Gm. of coned. ammonium hy 
droxide solution, and the resulting mixture was 
stirred continuously for three days. The unreacted 
& ester and excess ammonia were removed under re 
6: ; - duced pressure with heating on a water bath. The 
3 3 3 Se & SR & | residue was a viscous yellow oil which crystallized 
. on standing. After one recrystallization from ben 
zene there was obtained 117.2 Gm. (45°7) of prod 
8 ¥ uct, m. p. 102 to 103.5°. Extension of this pro 
= zs cedure to other suitably substituted acetoacetic 
esters yielded SD-1, 2, 5, and 24 
= = rs Acetoacet-p-phenetidide. three-neck, 1-L. flask 
38 = S& 8&3 8S = fitted with a sealed stirrer, reflux condenser, and 
© Hh dropping funnel was charged with 464 Gm. (4.0 
8 moles) of methyl acetoacetate and the whole was 
eA “ heated to 165° in an oil bath. During thirty min 
2 utes, 137 Gm. (1.0 mole) of p-phenetidine was added 
i= and heating was maintained at 160-165° for an 
---- mamanana 5 additional thirty minutes after addition was com 
2 pleted. The bulk of the alcohol was removed by 
a atmospheric distillation with heating on a water 
o ~ ~ 3 bath. On standing in the refrigerator overnight the 
& bulk of the residue crystallized to yield 154.3 Gm. 
7 5 | sj 7 a or 70°, of crude product which, after one recrystal 
= = ae lization from propylene dichloride and petroleum 
3 ether, melted at 105-106°. 
a,a-Dipropylacetoacet-p-phenetidide (SD-25). 
= A three-neck, 500-cc. flask equipped with a sealed 
2 3 stirrer and a reflux condenser and protected from 
= = ee eS atmospheric moisture was charged with a sodium 
= B ethylate solution prepared from 10.1 Gm. (0.44 Gm 
= atom) of sodium and 185 cc. of absolute ethanol 
= ‘a To the cooled solution 78 Gm. (0.206 mole) of a 
= = = propylacetoacet-p-phenetidide and 84 Gm. (0.495 
mole) of propyl iodide were added and the resulting 
ae solution was refluxed until neutral to moist pH paper 
rs mm (four hours). Water (200 cc.) was added, and the 
& & alcohol was removed by distillation. The crude 
| product, which precipitated on cooling, was air 
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dried and recrystallized from ether. The yield was 
59.8 Gm. (66°)) of product, m. p. 95 to 96.5° 
Application of this same procedure to the appro 
priate starting materials also gave SD-6, 9, 14, 18, 


21, 23, 25, and 30 


Method C 

1-Pheny!-3-( «,«-diethylacetoacetyl Urea (SD-7). 

A suspension of 31.4 Gm. (0.2 mole ) of a,a-diethyl 
wetoacetamide in 400 cc. of dry benzene was placed 
ina t-L., three-neck flask fitted with a sealed stirrer, 
reflux condenser, and dropping funnel and heated to 
rethuy Phenyl! isocyanate (23.8 0.2 mole) was 
vided dropwise over three hours and refluxing Was 
continued for a total reaction time of twenty-eight 
hours. The benzene was removed under reduced 
pressure. On cooling, the viscous, cily residue set 
to a brownish mush which readily crystallized on 
trituration with petroleum ether. Mest of the color 
passed into the solvent. After two recrystallizations 
of the crude product from 75°, methanol there was 
obtained 27.7 Gm. (50°,) of material, m. p. 107 
100° after shriveling at 104 This same pro 
cedure was also employed successfully in the prepa- 
ration of SD-3, 4, and 10 from the appropriately 
substituted acetoacetamides 


Method D 
o-Chloro-a-propylacetoacetamide (SD-34). A 
three-neck, 5-cc. flask equipped with a sealed 


A Physicochemical Study of Gentisic Acid* 


By ARTHUR OSOL and LEWIS J. KLECKNER 


Potentiometric titration of pure gentisic acid, in aqueous solution, indicates a pK,, 
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stirrer, reflux condenser, and dropping funnel and 
protected from atmospheric moisture was charged 
with a suspension of 21.5 Gm. (0.15 mole) of a 
propylacetoacetamide in 175 cc. of anhydrous ether 
The suspension was cooled to 0° in an ice-salt bath 
and 20.7 Gm. (0.15 mole) of sulfuryl chloride was 
added dropwise over a period of forty minutes. As 
addition proceeded, the solid material dissolved 
and a clear, orange solution was obtained. Stirring 
was continued for twenty minutes after addition 
was completed. The ether was removed under 
reduced pressure leaving a residual red oil which 
was induced to crystallize on standing in the re 
frigerator under petroleum ether Recrystalliza 
tion of the crude material from ether-petroleum 
ether gave 10.2 Gm. (38°,) of product, m. p. 51.5 
to 52.5°. Similar procedures yielded SD-36 and 39 
from the appropriate starting materials. One of 
these, SD-39, could not be induced to crystallize 
and was purified by distillation tm vacuo. 
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corresponding to ionization of the carboxyl group, of 3.1; the pK., corresponding 


to ionization of a phenolic group, is 10.2. 


With molybdophosphotungstate T. S., 


gentisic acid produces a green color even in acid solution, permitting quantitative de- 
termination of the acid in the presence of salicylic acid, which requires alkaliniza- 
tion for color development. In strongly acid solutions, in which gentisic acid is 
present predominantly in molecular form, maximum absorbancy was observed at 
330 mu. In solutions having a pH between 5.0 and 8.0, containing predominantly 
gentisate ion, maximum absorbancy occurred at 320 my. In alkaline solutions the 


G' NTISIc ACID (2,5-dihydroxyvbenzoic acid), 

a biological oxidation product of salicylic 
acid, has come into prominence as a result of the 
finding that it possesses a therapeutically useful 
antirheumatic activity (1), which may be associ- 
ated with the pronounced hyaluronidase-in 
hibiting effect of the acid observed in vitro (2). 
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absorbancy changed too rapidly to permit precise measurement. 


Significantly, gentisic acid does not appear to 
increase prothrombin time, or give rise to tinnitus 
or to aural symptoms. It is commonly admin 
istered in the form of the sodium salt. 

While certain physicochemical data for gentisic 
acid have already been reported (these will be 
referred to later), this investigation was under 
taken in order to obtain new or more complete 
data, particularly as to aqueous solubility, ioniza 
tion, and spectrophotometric absorption charac 
teristics of the acid. In the course of this study 
a hitherto unreported reaction of gentisic acid 
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with molybdophosphotungstate T. S. was ob- 
served and studied. 


EXPERIMENTAL AND RESULTS 


Purification of Gentisic Acid..-A commercial 
grade of gentisic acid was mixed with five times its 
weight of distilled water and one-fifth of its weight 
of Darco activated charcoal; the mixture was boiled 
for fifteen minutes, filtered through paper until 
clear, the filtrate set aside until it had cooled to room 
temperature, and the resulting crystals separated 
by filtration and washed with cold water. The 
acid thus obtained was again submitted to the same 
purification treatment, and was finally dried at 110 
The melting point of this material was observed to 
be 201.5° on an electric hot stage and 201.2° when 
heated in a capillary tube in a liquid bath (An 
schiitz thermometer used ) 

Aqueous Solubility... Determinations of solubil 
ity were performed by agitating an amount of 
solute several times in excess of that required for 
saturation with separate portions of cold water and 
hot water; equilibrium was thus obtained from 
solutions initially undersaturated and supersatu 
rated, respectively. A period of twenty-four hours 
of agitation in a bath maintained at 25° + 0.01 
was sufficient to attain equilibrium. The amount 
of acid dissolved was established by potentiometric 
titration of 10-cc. portions of filtered saturated solu- 
tion with approximately 0.1 \ sodium hydroxide 

Although the apparent purity of commercial, 
once-recrystallized and twice-recrystallized acid 
did not differ by more than 1% at most, in our ex 
periments the commercial material was observed to 
be over 1.5 times as soluble in water as the twice 
recrystallized material. This greater solubility is 
attributable qualitatively to the presence of solu- 
bilizing impurities in the acid, and quantitatively to 
the magnitude of the excess of solute, or, more spe- 
cifically, to the concentration of impurities repre 
sented; the solubility is thus a function of the ex- 
cess of solute employed. 

In order to find out whether or not the twice 
recrystallized material was sufficiently pure not to 
be influenced in its solubility by the presence of 
small amounts of impurities in it, the residue of 
solute remaining after the initial determination of 
solubility was equilibrated with a fresh portion of 
water. The result of this experiment indicated a 
solubility approximately 4% lower than the initial 
one, evidencing the presence of impurity in the 
twice-recrystallized material, When the residual 
solute from the second equilibration was once more 
agitated with a fresh portion of water, the solubility 
was found to be identical with that observed in the 
second equilibration; also, identical results were 
obtained whether the equilibrium was approached 
from undersaturation or supersaturation. The 
solubility thus obtained corresponded to the pres- 
ence of 2.22 Gm. of gentisic acid in 100 cc. of satu 
rated solution (at 25°). The melting point of the 
final residual solute was identical with that of the 
twice-recrystallized material 

lonization Constants. — Potentiometric titration of 
an aqueous solution of gentisic acid with sodium hy 
droxide is characterized by a steep rise in pH when 
the carboxyl group is neutralized on addition of one 
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equivalent of alkali, and by a very slight rise when a 
phenolic group reacts with a second equivalent of 
alkali. No evidence of interaction of the second 
phenolic group with alkali was observed in any of 
our experiments. 

Analysis of the alkali titration curve obtained 
(Fig. 1) shows the pK,, representing the ionization 
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Fig. 1.-—Titration of gentisic acid with approxi- 
mately 0.1 .V sodium hydroxide. 

of the carboxyl group, to be 3.1 (the pH at half 
neutralization of the carboxyl group); the pKo, rep- 
resenting the ionization of a phenolic group, is 10.2 
(the pH at half-neutralization of the phenolic group ) 
The pH of the solution when one equivalent of alkali 
has been added, corresponding to the formation of 
sodium gentisate, is seen from the titration curve to 
be approximately 6.6, which agrees well with the 
value 6.65 calculated as half the sum of the observed 
pK values. Kapp and Coburn (3) found for gentisic 
acid separated as a urinary metabolite of sodium 
salicylate a pK, value of 3.32; they found no evi- 
dence of dissociation of phenolic hydroxy! groups be- 
low pH 9.5 

Reaction with Molybdophosphotungstate T. S. 
When molybdophosphotungstate T. S. (U. S. P. 
XIV) is added to a phenolic substance and the mix- 
ture is alkalinized, a greenish-blue color develops, 
which may be used as the basis for the quantitative 
estimation of the phenol, provided maximum and 
minimum limits of color are established through the 
use of reference standard controls (see the U.S. P. 
XIV assay for diethylstilbestrol injection for typical 
experimental details) In general, color develop- 
ment does not take place until the mixture is alka- 
linized 

In the case of gentisic acid, however, a pronounced 
green color develops with molybdophosphotungstate 
T. S. even at the acidity of the reagent (though in 
alkaline solution the color is intensified, with a 
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greater proportion of blue component). The color 
produced in the acid solution may be used for 
the approximate quantitative estimation of gen 
tisic acid in the same way that the color produced 
in alkaline solution may be similarly employed 
An advantage of the color reaction produced in 
acid solution is that gentisic acid may be quanti 
tatively estimated in the presence of certain 
other phenolic such as salicylic acid, 
which do not react with molybdophosphotungstate 
r. S. until the solution is made alkaline. As the 
color produced in acid solution continually changes 
in intensity, even after several hours, upper and 
lower limit standards should be prepared simultane 
ously, using pure gentisic acid; the color compari 
sons should be made as nearly as possible at the same 
Visual comparison May many mstances 


substances, 


time 
be adequate, but more precise observations are pos 
sible, of course, by using a photoelectric colorimeter 
or spectrophotometer. We have found that if 
comparisons of color are made at any time thirty 
minutes or more after mixing, any variations due to 
slight differences in time of mixing are minimized 
Satisfactory have made 
with solutions containing from 0.25 to 0.75 mg. of 
gentisic of molybdophosphotungstate 
T.S., and sufficient water to make 100 cc.; differ 
ences in the concentration of gentisic acid of approxi 
mately 5° may be detected by this method. Meas 
urements of color were made at 670 my 

Ultraviolet Spectrophotometric Absorption Data 
Depending on the pH, solutions of gentisic acid 
May contain nonionized acid, gentisate ion, an ion 
resulting from dissociation of a phenolic hydroxyl 
group, or various mixtures of these species. Since 
it is possible that each of these components exhibits 
different absorption characteristics, a study of the 
effect of pH on the ultraviolet absorption spectrum 
of gentisic acid was performed. 

Solutions contammg 25 mg 


color comparisons been 


wid, 3.5 ce 


of twice-recrystal- 
lized and washed gentisic acid per L. were prepared 
in distilled water containing sufficient hydrochloric 
acid or sodium hydroxide to produce a final pH 
varying from 04 to 10.0. Absorption measure 
Ments were made in a Beckman Model DU spec- 
trophotometer equipped with a hydrogen lamp, 
using |-cm. quartz cells to hold the solution and the 
solvent blank 

In the PH range of approximately 5.0 to 8.0, in 
which region gentisate ion is practically the only 
component present, constant absorption was ob 
served, with maximum absorbancy at $20 mu; the 
data are shown graphically in Fig. 2. At pH values 
below 5.0, a progressive bathochromic shift oc 
maximum absorbancy ultimately be 
coming constant at 330 my, when the pH was re 
at which acidity nonionized gen 
vcid is the predominant component 


eurred, the 


duced to about 1, 
tisk rhe in 
tensity of the maximum absorption was somewhat 
greater at this point than at the corresponding point 
for the solution containing gentisate ion. Above 
pH 8.0, the solutions developed color, the more 
alkaline the solution the more intense the color; 
at a pH of 10 and above, the solution acquired a 
vellow color immediately, which in the 
thirty to sixty minutes changed successively to 
reddish brown, deep red, brown, and finally yellow 
ish brown 


course of 


Reproducible absorption measurements 
could not be made when the pH exceeded about 8 
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It is worthy of note that solutions of salicylic 
acid behave similarly, in so far as the bathochromic 
shift and the hyperchromic effect on acidification 
are concerned. Thus, at pH values corresponding 
to the presence of salicylate ion, maximum absorb- 
ancy is noted at 206 mu; while in strongly acid 
solutions, which contain nonionized salicylic acid, 
maximum absorbancy occurs at 303 my. At the 
latter wave length the intensity of absorption is 
greater than that at 206 my for solutions containing 
salicylate ion 

From the observed absorbancy of 0.650 at 320 mu 
for the solution containing 25 mg. of gentisic acid 
per L., in the pH range of 5.0 to 8.0, we have calcu 
lated a value of 4,000 for the molar extinction co- 
efficient of the acid. Smith (4), also observing maxi- 
mum absorbancy at 320 my, at a pH of 5.6, reported 
the molar extinction coefficient of gentisic acid to be 
3,773; while for sodium gentisate at the same wave 
length and pH, he reported a coefficient of 4,312 
In connection with this latter value, it would appear 
that Smith merely multiplied the 3,773 value by 
the ratio of the mo'ecular weight of sodium gentisate 
to gentisic acid, without making allowance for the 
fact that the gentisic acid concentration of his solu- 
tion is different from the sodium gentisate concen- 
tration. Kapp and Coburn (3) reported maximum 
absorption for an aqueous solution of gentisic acid 
to be at 322.5 my, with a molar extinction coef- 
cient of 3,750 + 115 at this wave length. We 
have observed, however, that a solution of gen- 
tisic acid in water, at a concentration suitable 
for spectrophotometric absorption measurements, 
has a pH of about 3.8, at which acidity a mix 
ture of nonionized gentisic acid and gentisate 
ion is present; at this pH, maximum absorption 
was noted at $22 mu in our experiments, in agree- 
ment with Kapp and Coburn. From this it is ap- 
parent that in determining gentisic acid quantita- 
tively by a spectrophotometric method the solution 
should be adjusted to a pH at which only one species 
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of the acid is present; we prefer making the adjust- 
ment of pH to be within the 5.0 to 8.0 range, in which 
gentisate ion is present to the practical exclusion of 
other species. 


SUMMARY 


1. The aqueous solubility of pure gentisic 
acid has been determined. 

2. The constants measuring the dissociation 
of the carboxyl group and one of the phenol 
groups of gentisic acid have been determined. 

3. The ultraviolet absorption characteristics 
of gentisic acid have been investigated over a 
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A Chemical Investigation of Veratrum viride* 


By ERNEST W. GRANT? and GLENN L. JENKINS 


Attempts to isolate the long-acting depressor principle reported by Zupko and Ed- 
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wide range of pH and correlated with the com- 
position of the solution. 

4. A reaction of gentisic acid with molybdo- 
phosphotungstate T. S., by means of which the 
acid may be quantitatively determined in the 
presence of certain other phenolic substances, 
has been observed and studied. 
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wards were not successful. A simple and rapid chromatographic method for the 
isolation of a depressor principle from Veratrum viride has been presented. Injec- 
tion of the isolated depressor principle resulted in a lowering of blood pressure of 
prolonged duration with no toxic manifestations. The isolated depressor principle 
exhibited a slight basicity and alkaloidal and steroidal properties. Attempts to 
crystallize and to make crystalline derivatives of the depressor principle were not 


T= dried rhizomes and roots of Veratrum 
viride have long been a part of the American 
materia medica. This drug was highly regarded 
during the nineteenth century as a hypotensive 
agent and cardiac depressant. Its preparations 
were found to be variable and unreliable in ac- 
tion, and because of this fact, Veratrum viride 
was soon replaced by hypotensive agents with a 
more uniform and dependable action. 

Veratrum viride has been the subject of exten- 
sive pharmacological and phytochemical research 
in an effort to obtain principles which were stable 
and uniform in action. Many workers have 
sought, but with little success, to isolate the prin- 
ciple or principles responsible for the physiological 
action of Veratrum viride. Among these workers 
were: Wright (1), who isolated the alkaloids 
jervine, rubijervine, pseudojervine, and ceva- 
dine; Seiferle, Johns, and Richardson (2) who 
isolated the alkaloids protoveratridine and ger 
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successful. 


mine; and Jacobs and Craig (3, 4), who isolated 
the alkaloids isorubijervine, veratramine, vera- 
trosine, and a new unnamed alkaloid. All of 
these alkaloids have been shown to be relatively 
inactive and not one of them demonstrated the 
physiological activity of the whole drug. Re- 
cently Stutzman and his associates (5) announced 
the isolation of a highly potent, stable, and uni- 
form extract of Veratrum viride which they named 
Veriloid. Inasmuch as the active depressor prin- 
ciple present in veriloid has not been isolated or 
characterized by these workers, it cannot be 
stated definitely that this extract contains new, 
unreported alkaloids or principles. 

The study of Veratrum viride by Zupko and 
Edwards (6) has led to the isolation of a residue 
which demonstrated valuable vasodepressant 
properties. The depressor principle, residue YX, 
obtained by Zupko and Edwards, was reported to 
be an exceedingly active and potent depressor. 
The principle had a long-acting effect, and when it 
was injected intramuscularly in dogs, the blood 
pressure was lowered for a period of almost seven 
hours’ duration without toxic manifestations. 
The authors were unable to isolate a pure crystal- 
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line compound from this residue. The depressor 
principle was undoubtedly an impure mixture 
with one or more of its constituents being respon 
sible for the prolonged vasodepressant action. 
rhe isolation and identification of these constitu 
ents could conceivably result in a vasodepres 
sor of clinical value. It was the objective of this 
investigation to study the depressor principle 
reported by Zupko and Edwards and to attempt 
the isolation and identification of its active con 
stituents 

Recently Fried and co-workers (7) announced 
the isolation of the alkaloids germidine and ger 
Mitrine. The authors stated that yermitrine was 
the more potent of the two alkaloids and ac 
Counted for the greater part of the hypotensive 
activity of the crude drug. The depressor princi 
ple isolated by Zupko and Edwards (6) was re 
ported to be soluble in water, while the alkaloids 
isolated by Fried were not reported to be soluble 
in water 
pressor principle isolated by Zupko and Edwards 
did not contain germidine or germitrine. 


This evidence indicated that the de 


EXPERIMENTAL 


The Extraction of Veratrum viride According to 
the Method of Zupko and Edwards. ~The procedure 
followed by Zupko and Edwards to isolate the long 
@cting depressor principle been described in 
Journar (6). Samples of coarsely-ground, 
@uthenticated viride were extracted ac 
@ording to this method. Zupko and Edwards had 
reported that the depressor principle, residue X, was 
s@luble in However, in all instances, the 
residues obtained in the present investigation were 
iMsoluble in None of the residues demon 
strated the long-acting depressor 
Principle when tested pharmacologically. The resi 
dues did have a depressant action but the vaso 
depression produced was transient and never ex 
ceeded twenty-five minutes in duration 

The method of Zupko and Edwards (6) was modi 
fied by changing the solvent, the temperature of ex 
ind the alkalinizing agent. A series of 
were obtained by using these modified 

None of the residues contained the de- 


has 


Veratrum 


water 


water 
presence of a 


traction, 
residues 
methods. 
sired long-acting depressor principle, and all of the 
residues produced the same pharmacological re 
sponse, a transient vasodepression lasting approxi 
mately thirty minutes. The results indicated that 
no clear-cut separation or isolation was produced 
from this tmmiscible solvent extraction method. In 
view of these ind the complexity of the 
method, additional study of this extraction process 
was postponed and simple chromatographic methods 
were utilized in an effort to obtain the desired long- 
veting depressor principle. Inasmuch as a satisfac 
tory chromatographic process was developed, the 
extraction process was abandoned 

The Extraction of a Long-Acting Depressor Princi- 
ple from Veratrum viride by Chromatographic 
Methods. After experimentation, a 
long-acting depressor principle was extracted from 


results 


considerable 
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Veratrum viride by the following chromatographic 
method. One kilogram of ground Veratrum viride 
was macerated with peroxide-free ether for twenty- 
four hours with occasional agitation. The mixture 
was filtered by suction and yielded approximately 
700 ec. of a dark brown extract which was passed 
through a chromatographic tube, 16 x 2 cm., packed 
to a depth of 10 cm. with activated alumina, Alcoa- 
Grade F-1, 100 mesh. Pressure was applied to the 
column by means of « perforated air hose inserted 
into the top of the chromatographic tube. The 
ethereal extract of Veratrum viride was added in 
small amounts to the column. The air pressure was 
adjusted so that the rate of flow of eluate was 5 
drops per minute. 

The solvent was removed from the eluate in vacuo 
over calcium chloride, and 1.0 to 1.5 Gm. of a yel 
lowish-brown amorphous solid, which was desig 
nated fraction C-1, was obtained. This fraction was 
transferred to a flask with distilled water, and the 
mixture was shaken mechanically for one-half hour 
and then was filtered. The results of pharmacologi- 
cal testing indicated that this aqueous extract of 
fraction C-1 contained a potent, long-acting depres- 
sor principle. Intravenous doses of 0.2 cc. Kg. of 
the aqueous extract resulted in vasodepression of 
almost four hours’ duration, and the effect of an intra 
muscular dose lasted over five and one-half hours 

The aqueous extract of fraction C-1 was evapo 
rated to dryness, yielding a pale-yellow to white 
amorphous solid. This solid, henceforth referred to 
as the depressor principle, was soluble in water. In- 
travenous doses of 0.1 mg. Kg. of this principle pro- 
duced the same long-acting depressant effects as 
were produced by the aqueous extracts of fraction 
C-1, indicating that evaporation of the aqueous ex 
tract resulted in no loss of depressor potency 


The Attempted Isolation and Purification of the 
Depressor Principle Present in the Fraction C-1. 
A crystalline solid was obtained from an alcoholic 
solution of fraction C-1 when an equal volume of 
water was added to the alcoholic solution. This 
substance lost its crystalline structure and changed 
into oily droplets when stored in a desiccator over 
calcium chloride. A column of activated charcoal 
effectively removed the dissolved crystalline sub 
stance from the alcoholic solution. The crystals 
were recovered by washing the charcoal column with 
ether and allowing the eluate to evaporate. The 
crystals were insoluble in water and soluble in ethyl 
alcohol and ether. An alcoholic solution of the 
crystalline substance, when tested on experimental 
animals, showed no vasodepressant action. In view 
of these results, it was apparent that this crystalline 
substance did not represent the long-acting depres- 
sor principle and did not warrant further investiga 
tion 

One-kilogram samples of viride 
extracted and chromatographed in the manner pre- 
viously described. The presence of the depressor 
principle in the aqueous extract of fraction C-1 was 
confirmed by pharmacological testing. The aque 
ous extracts were evaporated to dryness and the 
yield of solid, henceforth referred to as the depres 
sor principle, was from 60-75 mg./Kg. of crude 
drug. Attempts to induce crystallization from solu 
tions of the depressor principle in various solvents, 
following the usual techniques, were not successful 
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The possibilities of isolating the long-acting de- 
pressor principle by paper partition chromatography 
were investigated. The ascending method of Wil- 
liams and Kirby (8) was followed, using cylinders of 
Whatman filter paper No. 1. Numerous solvent 
mixtures were tried but in no instance was there any 
evidence of separation or selective action. Inasmuch 
as the chemical nature of the depressor principle was 
not known, there was no specific way for testing for 
its presence and position upon the chromatogram, 
so this method was abandoned 

Attempted Characterization of the Depressor 
Principle. — As a result of the failures to isolate and 
purify the depressor principle, the characterization 
of this principle was attempted. The depressor 
principle undoubtedly contained impurities but it 
was believed that characterization of this principle 
might yield information concerning its chemical 
nature which would be of value in future attempts 
at purification 

The depressor principle was a white to pale-yellow 
amorphous solid. No sharp melting point was ob- 
tained; the depressor principle turned reddish- 
brown and fused between 185° and 193°. The 
principle was slowly soluble in cold water, readily 
soluble in warm water, and was also soluble in chloro- 
form, ether, carbon tetrachloride, dilute mineral 
acids, ethyl acetate, methanol, ethanol, and pro- 
panol. The depressor principle was insoluble in a 
5°% solution of sodium hydroxide. Solutions of the 
depressor principle were optically inactive. An 
aqueous solution of the principle was neutral to lit- 
mus and acid to phenolphthalein. However, when 
the depressor principle was dissolved in distilled 
water with a pH of 6.4, the pH of the resulting solu- 
tion rose to 7.2, indicating that the principle was 
slightly basic. The principle when dissolved in 
water at 25° lowered the surface tension of the water 
from 73.4 dynes/cm. to 53.2 dynes/cm. The de 
pressor principle exhibited a blue fluorescence when 
examined under ultraviolet light. 

Alkaline hydrolysis of the depressor principle re- 
sulted in the precipitation of a crystalline solid 
which was pharmacologically inactive. The solid 
charred at 103° and became amorphous and appar- 
ently decomposed between 108° and 125°. An ex- 
amination of the literature revealed no similar hy- 
drolytic product formed by the previously reported 
principles. 

The depressor principle quickly decolorized solu- 
tions of potassium permanganate and bromine, indi- 
cating an unsaturated structure. The insolubility of 
the principle in dilute alkali and the absence of a 
color reaction with ferric chloride indicated that the 
principle was not phenolic. Neutral aqueous solu 
tions of the depressor principle, both before and after 
acid hydrolysis, gave negative reactions when tested 
with the usual sugar reagents. 

Saponin-like properties were suggested by the 
sternutatory properties of the principle and the 
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foaming produced upon agitation of an aqueous solu- 
tion. However, the depressor principle showed no 
hemolytic properties, and no insoluble sapogenin 
was formed when the depressor principle was boiled 
with hydrochloric acid 

The saturation of an aqueous soluticn of the de- 
pressor principle with solid ammonium sulfate re- 
sulted in a white, amorphous precipitate, indicating 
the presence of a large molecule. Protein tests, 
such as the biuret, ninhydrin, Hopkins-Cole, and 
Millon’s reactions were negative. A qualitative test 
for nitrogen was positive 

Positive results were obtained when an acidified 
aqueous solution of the depressor principle was 
treated with phosphotungstic acid, Mayer's reagent, 
Wormley’s reagent, Wagner's reagent, and Marme’s 
reagent. Negative results were obtained with other 
alkaloidal precipitants. The positive results above, 
coupled with the positive qualitative nitrogen test, 
showed that the depressor principle possessed alka+ 
loidal properties. 

The depressor principle exhibited steroidal proper+ 
ties when it gave positive results with Salkowski’s, 
Moleschott’s, Lieberman's, Mach’s, and Hirsch» 
sohn’s reactions. Attempts to form derivatives of 
the depressor principle, such as the picrate, aurichlog 
ide, platinichloride, hydrochloride, sulfate, methio- 
dide, and diliturate were not successful. The failure 
to form the usual alkaloidal derivatives indicated 
that the positive qualitative nitrogen result may 
have been due to impurities in the depressor princ# 
ple. However, quantitative nitrogen determinations 
showed the nitrogen content of the depressor princi+ 
ple to be 1.83°, which closely approximates the 
nitrogen content of the previously reported alkaloids 
of Veratrum viride. This indicated that the post 
tive qualitative nitrogen result was not due to im 
purities in the depressor principle 

The attempts at characterization of the depressor 
principle have led to a confused picture of its chemi 
cal nature. Although the principle was apparently 
alkaloidal, it failed to exhibit the characteristi¢ 
basicity of alkaloids, and no crystalline derivatives 
could be formed. In summation of the positive re- 
sults, it may be stated that the depressor principle 
was weakly basic and possessed alkaloidal and steroi* 
dal properties. 
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The Preparation of Some Metallized Phenanthrene 
and Naphthalene Derivatives* 


By WILLIAM O. FOYE, MAX WEITZENHOFF, and ALLAN M. STRANZ 


The synthesis of azo derivatives of the naph- 

thols and phenanthrols and the complex for- 

mation of these compounds with chromium, 

copper, and iron is described. Organo- 

metallic compounds of a high degree of sta- 
bility were obtained. 


T= OBSERVATION of Haddow (1) that some 

inhibition of tumor growth was caused by 
such a noncarcinogenic substance as unsymmetri- 
cal azonaphthalene suggested a structural anal- 
ogy to the carcinogen, 1,2,5,6-dibenzanthracene. 
It appeared more plausible to Friedman, et al. 
2), however, that the cis structures of unsym 
metrical azonaphthalene (I and I1) had more fea 


tures in common with the polynuclear carcino 
hydrocarbons, and therefore 
beth 1,2-benzanthracene 
Phe hydrocarbon 1,2,5,6-dibenz- 
phenanthrene (III), suggested by Formula II, 


genic resembled 


benz- derivatives of 


and chrysene. 


was also found by Haddow (1) to be an inhibitor 
of tumor growth, which led to the synthesis by 
Friedman (2 
structural resemblance to carcinogenic hydrocar 


of other azo compounds having a 


bons, with the possibility of being inhibitors of 
tumor growth. 

Haddow’'s demonstration of the tumor-inhibit 
ing possibilities of azo analogs of the carcinogenic 
hydrocarbons that 
substantive to tissue components involved in 
tumor formation 


suggests these analogs are 
It is felt that such compounds 
could serve effectively as transporting agents for 
metal the site of tumor 
The presence of the metal might be of 
value in inhibiting tumor growth, or it might act 
as an indicator of the enzyme systems involved 


introducing ions at 


growth. 


in the process of tumor formation and growth 
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Accordingly, a series has been prepared of metal- 
lized azo derivatives of the naphthols and phen- 
anthrols which bear a structural relationship to, 
and represent metallized analogs of, the various 
hydrocarbon structures which are active in aiding 
or inhibiting tumor growth. Azo compounds of 
the following types (IV, V, and VI) have been 
synthesized, and metallization with 
salts of chromium, copper, and iron were success 
ful in the majority of cases. The use of metals or 
of azo compounds alone for inhibition of tumor 
growth or formation has been well summarized 
by Dyer (3). 

The preparation of the 1- and 4-phenanthrols 
(Eq. 1) involved the succinoylation of naphtha 
lene, followed by reduction, cyclization, and de 
The method which proved to be 
most practical for the latter step was that of Lin 
stead and Michaelis (4), in which palladium on 


reactions 


hydrogenation 


(11) (IIL) 


charcoal was used with p-cymene as hydrogen ac 
ceptor. The coupling of the phenanthrols with 
o-aminophenol alkaline 
solution, with the exception of the 4-phenanthrol, 
which tended to form tarry mixtures 

The 2- and 3-phenanthrols were prepared by 
sulfonation of phenanthrene and alkaline fusion 
of the separated sulfonic acid salts (Eq. 2) 


proceeded rapidly in 


Some 
difficulty in carrying out fusions according to Zal'- 
kind and Kheifets (5) was experienced in failure 
of the sulfonic acid salts to mix with the alkali 
but was overcome by efficient stirring and re- 
peated runs of recovered starting material. 
Metallization of the azo derivatives was found 
in general to take place quite readily in either 
water or ethylene glycol. The completion of 
complex formation with the metal ions was de- 
termined by means of paper chromatograms 
through the formation of one band of a color 
different from that of the unmetallized azo com 
pound. This is possible since both the azo com 
metallized 
Compounds characterized by a high de- 


pounds their derivatives are 


colored 
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gree of stability and a low solubility in water were 
obtained. The coppered derivatives did not 
form as readily with these azo compounds as did 
the iron and chromium complexes. These results 
are summarized in Table I, in which are presented 
the melting points, the analytical data for new 
compounds, and the colors of the azo compounds 
and the metallized derivatives which formed. 

The pharmacological value of these compounds 
will be reported subsequently. 


EXPERIMENTAL 


3-(1-Naphthoyl )-propionic Acid and s-(2-Naph- 
thoyl)-propionic Acid.—The method of Haworth 
(6) was followed with modifications. Anhydrous 
aluminum chloride (330 Gm.) and dry nitrobenzene 
(850 ce.) were cooled by an ice bath, and to the 
stirred solution was added a mixture of naphthalene 
(240 Gm.) and succinic anhydride (120 Gm.). The 
dark red solution was stirred for thirteen hours, and 
was then allowed to stand overnight, during which 
time the temperature was allowed to rise gradually 
toroom temperature. The mixture was poured into 
ice and dilute hydrochloric acid, and the nitroben 
zene and excess naphthalene were steam-distilled 
The solid residue was pulverized and washed with 
It was then dissolved in sodium carbonate 


After 


water 
solution, treated with Norit, and filtered 


three such treatments with Norit, the black solution 


Eq 1 
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Synthesis of Metallized 1- and 4-Phenanthrylazo Derivatives 
Pe**. of Gr*** 


| | NZ | | 

hs" M 
(VI) 


was acidified, a black tar was removed, and on 
further acidification, a brown product separated. 
The product was crystallized from approximately 
1 L. of acetic acid, yielding two crops, and the second 
crop, which represents the 8-1 acid, was recrystal- 
lized from methanol. Yields were obtained of 70.6 
Gm. (35%) of 8-(2-naphthoy])-propionic acid, m. p. 
171-173° (without recrystallization), aad 92.8 Gm, 
(45%) of the 8-1 isomer, m. p. 124-127°. The re- 
ported values (6) are 171-173° and 129-131°. 
y-(1-Naphthyl )-butyric Acid and »-(2-Naphthyl )- 
butyric Acid.-The general procedure of Martin 
(7) was used, which involved a reduction with amal- 
gamated zine and hydrochloric acid, with the excep< 
tion that the products were allowed to crystallize 
from the toluene layer on cooling. The y-2 acid was 
obtained in 95% yield, m. p. 90-91°, and the y-l 
acid in 76% yield, m. p. 107-108°. The reported 
melting points (6) are 95-96° and 106-107 The 
products did not require further purification. 

1- and 4-Keto-1,2,3,4-tetrahydrophenanthrene. — 
The general method of Johnson (8) was employed 
for the cyclizations of the naphthylbutyric acids, 
using phosphorus pentachloride for the formation of 
the acid chloride and stannic chloride for the ring 
closure. Instead of allowing the mixture of phos- 
phorus pentachloride and naphthylbutyric acid in 
benzene to stand at room temperature, however, it 
was found more advantageous to reflux it gently on 
a steam bath for one-half hour. The products were 
obtained by evaporating the solvent, and either 
seeding or scratching the resulting oil to obtain 
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Eq. 2.—-Synthesis of Metallized 2- and 3-Phenanthrylazo Derivatives 


A = o-Aminophenol; M = Cu**, 


Fet®*, Ce*** 


ervstals After recrystallization from methanol, 
yields in the neighborhood of 55% were obtained 
for 4-keto-1,2,3,4-tetrahydrophenanthrene, m. p 
67-68", and 85% for 1-keto-1,2,3,4-tetrahydrophen 
Anthrene, m. p. 92-94 The reported values (6, 8) 
for the melting points are 68-69° and 94-95 

and 4-Phenanthrol. —-The aromatization of the 
keto-tetrahydrophenanthrenes to the phenanthrols 
Was carried out according to the procedure of Lin- 
Stead and Michaelis (4), except that benzene in 
Stead of ether was used to extract the product from 
the catalyst, and all-glass apparatus was found neces 
gary for the refluxing. The palladium on charcoal, 
Which was the catalyst, was prepared by the pro 
cedure of Linstead and Thomas (9). The products 
were obtained by acidification of the alkaline extract 
from the reaction mixture and were not purified 
further) Generally, a sizable quantity of unreacted 
ketone was recovered and was suitable for use in 
subsequent dehydrogenations. Both phenanthrols 
were obtained in vields of 40-70%, the 1-phenan 


Diazo Coupling M P 
Component Component 
a-Naphthol 147-148 
3-Naphthol 177-180) 
1-Phenanthrol 216 


o-Aminophenol 
o-Aminophenol 
o-Aminophenol 
Aminophenol 2-Phenanthrol 185 
Aminophenol 3-Phenanthrol 162 
o-Aminophenol 4-Phenanthrol 157 
1-Amino-2-naphthel 3-Naphthol 


All melting points are corrected 


throl melting at 149-150° and the 4-isomer melting 
at 111-112°, which agree favorably with the re- 
ported values of 153-154° and 113-115° (10) 

2- and 3-Phenanthrenesulfonic Acid.—-The 
method of Fieser (11) was employed, in which phen 
anthrene was sulfonated to give the 2- and 3-sul 
fonic acids, which were isolated as the barium and 
potassium salts, respectively. From a quantity of 
250 Gm. of phenanthrene was obtained 55 Gm 
(13%) of barium 2-phenanthrenesulfonate aad 86 
Gm. (21%) of potassium 3-phenant hrenesulfonate 

3-Phenanthrol. A modification of the method of 
Zal’kind and Kheifets (5) was used. A mixture of 
sodium hydroxide (50 Gm.) and potassium hydroxide 
(50 Gm.) was melted in a nickel cup and heated by a 
sand bath; and potassium 3-phenanthrenesulfo- 
nate (10 Gm.), moistened with a few drops of water, 
was added gradually at a temperature of 300 The 
mixture was well stirred by a metal stirrer for two 
and one-half hours at 300-310°, and after cooling to 
a semisolid state, it was poured slowly with stirring 


MerALuizep Azo DERIVATIVES OF THE NAPHTHOLS AND PHENANTHROLS 


Analyses, Complex, Color 
Caled Found Color Cr Cu Fe 


Rust Brown Tan 

Orange Purple Pink Brown 
Tan Purple Brown 
Beige Purple Pink Brown 
Claret Purple Brown 


Rust Brown Brown 


Violet Purple Purple 


The analyses were carried out by the Clark Microanalytical Laboratory, Urbana, Il 
The colors were those obtained on filter paper chromatograms using dimethylformamide as solvent 


4 Sublimed 


OH OH oO oO | 

Oo 

M \ J 
A N=N jp 

A N 
/ Ou 

OH _ 
OH \ 

N=N 
A 

N 

ay, M 
J 

a 

C: 76.41 75.28 oe 
H $49 84.69 
s)? C: 76.41 73.98 
H $49 4.53 
165 C: 76.41 74.02 
H 4.49 4 69 
160 C: 76.41 77.70 
H $49 4.33 
i! 
A 


June, 1952 


into a mixture of ice and concentrated hydrochloric 
acid (100 ce.). After standing overnight, green un- 
reacted sulfonate (0.8 Gm.) was filtered, and the 
filtrate was acidified with hydrochloric acid to give 
a buff-colored precipitate. After standing for two 
days at room temperature, the finely crystalline 
product was filtered, and 4.7 Gm. (50%) of 3- 
phenanthrol was obtained, which, after recrystalli- 
zation from ligroin, melted at 117-118°. The re- 
ported value is 120-121° (5). Similar runs gave 
yields of 20-50%. 

2-Phenanthrol.—-The method of Zal’kind and 
Kheifets (5) was modified as follows. In a nickel 
cup, heated by a sand bath, potassium hydroxide 
(100 Gm.) was melted and stirred together with 
barium 2-phenanthrenesulfonate (10 Gm.), mois- 
tened with a few drops of water. The fusion mixture, 
which later became a brown solution, was stirred at 
320-335 ° for six hours. At the end of five hours, a 
thick mass had formed which became practically 
solid. The semisolid mixture was then poured into 
a mixture of ice and hydrochloric acid (100 cc.) and 
allowed to stand overnight. The unreacted sul- 
fonate (3.9 Gm.) was recovered, the filtrate was 
acidified, and after standing for two days, the pre 
cipitate of 2-phenanthrol was filtered. A yield of 
4.2 Gm. (70%) was obtained of buff-colored solid 
melting at 168-169° (reported value, 168-—169°) (5). 
Similar runs produced yields of 50-80% 

Coupling Reactions. The couplings of o-amino- 
phenol to @- and 8-naphthol, and to 1-, 2-, 3-, and 
4-phenanthrol, were carried out in general by the 
procedure of Saunders (12) using a rapid diazotiza- 
tion of the o-aminophenol at 2-3° and a slow addi- 
tion of the diazo solution to an alkaline solution of 
the naphthol or of the phenanthrol used at 5-10° 
with stirring. The reaction mixture was main- 
tained slightly alkaline, and stirring was continued 
until all the diazo component was used, as indicated 
by a negative coupling test on filter paper with al- 
kaline resorcinol. When 1l-amino-2-naphthol was 
diazotized, it was necessary to add copper sulfate to 
prevent formation of the diazo-oxide. The prod- 
ucts, in yields of 60-70%, were obtained in a suf- 
ficiently pure state for the metallization reaction 
by washing with water until the washings contained 
neither coupling nor diazo components. The an- 
alytical data and physical characteristics of these 
azo compounds are listed in Table I 

Metallization Reactions..-The metallization of 
the azo compounds with iron and chromium was 
carried out according to the general procedure of 
Kopp (13) by using either one equivalent of ferrous 
sulfate or two-thirds equivalent of chromium acetate 
to give the ferrous and half-chromic complexes. 
The solvent used was ethylene glycol, in an amount 
equal to three times the weight of azo compound, 
with addition of sufficient 8 N sodium hydroxide 
solution to maintain slight alkalinity. The resulting 
suspensions were stirred at 100-110° until a filter 
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paper chromatogram showed the presence of only 
one component, of a color different from the original 
unmetallized compound. The chromatograms were 
prepared by dissolving two drops of reaction mixture 
in 4 ml. of dimethylformamide, pouring onto a filter 
paper pressed between glass plates bearing a funnel 
through the top plate (15), and developing the spot 
with more of the same solvent. The reactions were 
generally complete in twenty minutes. The mix- 
tures were then poured into water, heated to 85°, 
and filtered while hot. The products were washed 
with a limited amount of water, dried, and ground. 
Yields generally approached quantitative, and prac- 
tically noue of the compounds melted below 300°. 

The coppering reactions were conducted in water, 
in quantities ten times the amount of azo compound, 
using one equivalent of cupric sulfate and one of 
sodium formate according to Kopp and Petitcolas 
(14). The mixtures were stirred at 75-85° until 
completion of the complex formation, and the prod+ 
ucts were isolated in the manner described. The 
formation of the copper complex was not successful 
in all cases, either in water or in ethylene glycol. 


SUMMARY 


1. The synthesis of four new azo compounds, 
2 - (o - hydroxyphenylazo) - 1 - phenanthrol, 1 - (a= 
hydroxyphenylazo)-2-phenanthrol, 4-(o0-hydroxys 
phenylazo)-3-phenanthrol, and 3-(o-hydroxys 
phenylazo)-4-phenanthrol, is described. 

2. Metal complexes of these compounds were 
formed with chromium and iron, and in some 
cases with copper. 
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An Assay Procedure for Veratrum viride* 


By THOMAS B. O’DELL* 


A eee pee using dogs for the assay of Veratrum viride is described. The method 
is based on the progressive loss of the pressor response to the carotid sinus reflex as 


the blood pressure is gradually lowered by repeated small doses of Veratrum viride 


extracts. 
extracts. 


Several assay results are reported using both propylene glycol and water 
This assay procedure is carried out in the hypotensive range of the drug, 


has a clear end point, is reproducible, and requires no reference standard to deter- 


mine potency. 
hypotensive agents. 


The same procedure might be used to determine the potency of other 
A unit of potency based on this assay is proposed and defined: 


“One C. S. R. unit represents the amount of intravenously administered hypotensive 
agent per kilogram of body weight which just abolishes the pressor response to the 


METHODS have been considered and 
tried for the assay of Veratrum viride. <A re- 
view of both chemical and biological methods used 
prior to 1947 can be found in an article by Wu 
(1). 

quate. 


None of these methods was considered ade- 
Recently, and Stutzman (2) 
have proposed a method using the hypotensive 


Maison 


effect on anesthetized dogs, the material being 
administered by intravenous infusion during a 
period of ten minutes. The unknown material 
The 


accuracy of this latter method is reported to be 


is compared with a standard preparation. 


#25 per cent of the potency of the reference 
Richardson, et al. (3), 
recently reported an assay based upon the dose 


standard preparation 


required to produce a 50 per cent depression of 
the carotid sinus pressor reflex in vagotomized 
dogs.' 

The purpose of this investigation has been to 
find an assay procedure which would have the 
following attributes: 

(a) Be carried out in the hypotensive range of 
the drug 

(b) Have a clearly distinguishable end point. 

(c) Be reproducible. 

(d) Do away with the necessity of having to 
compare results with those of a reference stand 
ard preparation 


EXPERIMENTAL 


Animals Used and Their Preparation. — Both 
dogs and rabbits have been tried and it was found 
that dogs were much easier to work with from a 
technical standpoint The following proposed 
method and the results described will refer only to 
work done with dogs 

Mongrel dogs of varied weights and of both sexes 
were anesthetized intravenously with pentobarbital 
sodium, using a dose between 30 and 35 mg. /Kg 
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These investigators also used 


carotid sinus reflex in dogs.” 
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No premedication was given to the animals in an ef- 
fort to keep them as “‘normal”’ as possible. The 
right femoral artery was cannulated and connected 
to a manometer for the purpose of recording mean 


arterial blood pressure. The left femoral vein was 
cannulated and the cannula was connected by rub- 
ber tubing to a burette filled with physiological 
saline. This was done to facilitate the administra- 
tion of intravenous injections. The trachea was 
cannulated to facilitate respiration. Both carotid 
arteries were isolated and separated from the vagi 
Respiration was recorded by means of a pneumo- 
graph attached to a Marey tambour. Occasionally, 
circumstances necessitated cannulating one of the 
carotid arteries for recording arterial blood pressure 
instead of using the femoral artery. This change did 
not alter the results and apparently either method 
of preparation is satisfactory. Data from carotids 
were not pooled with those from femorals. 

The material being tested was injected into the 
rubber tubing connecting the venous cannula with the 
burette and was subsequently washed into the vein 
with approximately 5 cc. of saline. This gave as- 
surance that the complete dose was administered. 

Preparation of Test Material..Stock solutions 
were 10°) (w/v) extracts of Veratrum viride. The 
solvents used were (a) 75°) propylene glycol and 
25°) water? and (+) distilled water. The stock solu 
tion was diluted 1:10 prior to administration, thus 
giving a concentration which was equivalent to ap- 
proximately 10 mg. of dry Veratrum per cc. 


PROCEDURE 


Following the preparation of the dog, a three- to 
five-minute tracing of the normal blood pressure was 
recorded. The next step was to record the response 
to the carotid sinus reflex (C.S. R.). This was done 
by occluding both carotid arteries below the bifur- 
cation for a period of forty-five seconds. The normal 
response noted was a rise in blood pressure. The 
diluted stock solution was then administered intra 
venously using a dose of 0.02 cc. of solution per kilo- 
gram of body weight, which is equivalent to 0.2 mg. of 
Veratrum powder. After a period of four minutes, 
the carotid arteries were again clamped for a forty- 
five-second period, and the response to the C. S. R 
was noted. If a blood pressure rise was still ob- 
served, the same dose of drug was repeated. This 


* Verenteral, Irwin, Neisler & Co., an approximately 10°, 
(w/v) extract of Veratrum viride using 75°) propylene glycol 
and 25°, water 
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timing resulted in injections of drug being given ap- 
proximately every five minutes, which was found to 
be optimal 

Administration of the drug was continued accord- 
ing to this procedure, using the same time intervals, 
until the blood pressure response to the C. S. R 
was no longer observed. It is this loss of the re- 
sponse to the carotid sinus reflex that is considered 
the end point (Fig. 1) 

The only variation in the above procedure was 
that it was sometimes desirable to give an initial 
dose that was twice the usual dose in order to de- 
crease the total time of the assay. It was found that 
the entire assay procedure should not and need not 
exceed forty-five minutes 

Groups of ten animals were used for each assay, 
and the average dose required was used as the meas- 
ure of potency. 


Fig. 1.—Drawing showing a typical progressive 
loss of the pressor response to the carotid sinus 
reflex as the blood pressure is lowered by successive 
injections of Veratrum viride extracts 


RESULTS 


The results have been separated into two cate- 
gories: those found using the propylene glycol plus 
water extracts, and those found using the water ex- 
tracts. 

Propylene Glycol plus Water Extracts.—-Results 
are summarized in Table I 

To determine the reproducibility of this assay 
procedure, extract No. 1 was repeated on a second 
group of 10 dogs. The results found with the two 
groups of animals differed by less than 15% 

As a further determination of the efficacy of such 
an assay procedure, 10 cc. of the extract showing the 
greatest potency (No. 3) was mixed with an equal 
amount of the extract showing the least potency (No. 
4). The calculated effective dose of this mixture 
was 1.23 mg./Kg. The actual dose found was 1.27 
mg./Kg. 

The fact that the assay procedure falls within the 
hypotensive range of the drug is borne out by the cor- 
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relation between the effective dose and the per cent 
blood pressure fall found at this dose. The varia- 
tion in per cent blood pressure fall found between 
the various groups of animals was approximately 
+15°%%. Such correlation tends to indicate that the 
loss of the C. S. R. response is a direct measure of 
the degree of fall in blood pressure. 

Aqueous Extract.-After determining the fact 
that water extracts can produce a blood pressure 
fall, the problem was to determine the optimum time 
for the extraction. It was found that there is little 
if any difference between the potency of extracts 
prepared by a maceration of one hour or twenty 
hours. One-hour extracts were used throughout 
the experimental work, and separate extracts were 
used for each dog within a group 

The results obtained from four assays are sum- 
marized in Table II. 


I1.—AverRAGE ResuLts Founp Usinc 
ous ExTRactTs 


Ex- Average B. P, 
tract No Weight, Effective Dose, Drop, 
No.« Dogs Kg g./Ke 
1 6 13.0 1.16 (1.0-1.2)° 47 
> 10 13.2 1.0 (0.8-1.2) 47 
3 10 12.1 0.78 (0.6-1.0) 45 
4 10 11.3 0.62 (0.4-0.8) 47 


- = 

« Each extract number represents a different lot of Veratrum 
viride 

+ Prepared from Veratrum viride, Lot No. 178, which 
the reference standard for the Craw Daphnia magna meth 
for standardization (4 Based on that method, there are 
4.5 Craw units per grain of reference standard powder. 

© Values in parentheses indicate extremes 


As can be seen from Table II, the correlation be 
tween effective dose and per cent fall in blood preg 
sure is very good. In fact, it is much better tha 
can be expected for biological work, and a wide® 
range probably will be found as more assays aré€ 
carried out 

|Preliminary investigation concerning the possible 
use of this assay procedure for hypotensive agentg 
other than Veratrum viride has shown promising 
results. For example, administration of sodium 
nitrite will produce a fall in blood pressure ace 
companied by a loss of the carotid sinus reflex pres- 
sor response, the extent of this loss being dependent 
on the degree of the blood pressure fall. It is sug- 
gested that this assay procedure could be used for 
hypotensive agents other than Veratrum viride, since 
the loss of the pressor response to the C. S. R. ap- 


“> Drop in B. P 


Average 
ixtract No Weight Effective Dose of Dose 
Noa Dogs Ke Mg./Kg.* 25 50 75 100 
1A 10 1.23 (1.0-1.4/ 18 28 32 36 
IB 10 14.3 1.40 (1.2-1.6) Is 26 20 37 
2 10 12.5 1.5 (1.2-1.6) 24 32 41 48 
3 10 11.7 0.71 (0.6-0.8) 37 41 
4 9 10.9 1.75 (1.6-2.0) 22 28 35 41 
3+ 4 9 14.0 1.27 (1.0-1.4) 36 42 50 
5 


Veratrum mride 
sayed using dogs in which the carotid artery was cannulated 


Average 


* Each extract number represents a different lot of Veratrum viride; 
Extract 1A was assayed using dogs in which the femoral artery was cannulated, whereas extract 1B was as 


21 Sl 36 2 


extracts 1A and 1B were prepared from the same lot of 


+ Dose based on the weight of whole Veratrum viride powder used in making the extract 


¢ Values in parentheses indicate extremes. 
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pears to be a function of the fall in blood pressure 
This is borne out by the observation of Prochnik, 
et al. (5), who noted that the carotid sinus pressor 
response is proportional to the existing mean arterial 
pressure 

It is possible to use the assay described without 
referring to potency in terms of a reference standard, 
since the end point is the abolition of a reproducible 
response. It is proposed to define the unit of po- 
tency in terms of a “C.S. R.” unit as follows 

“One CS. R. unit represents the amount of in 

travenously-administered hypotensive agent per 

kilogram of body weight which just abolishes the 

pressor response to the carotid sinus reflex in 
dogs.""* 


SUMMARY AND CONCLUSIONS 


1. A mammalian (dog) assay procedure for 
Veratrum viride is described 

2. Results of assays are reported using pro 
pylene glycol plus water extracts and aqueous 
extracts of Veratrum viride 

3. The following criteria, set up as require 
ments of a desirable assay, have been fulfilled, 


Veratrum viride, Lot No 178, the reference standard for 
the Craw assay (4 5 Craw units per grain) shows a potency of 
60 C SR. units per grain, the Veratrum viride lots used in 
Bs paration of extracts Nos 1, 3, and 4 show potencies of 52 


5. and 100 units per grain, respectively 


A study has been made of the chromato- 
graphic properties of single terpenes and bi- 
nary mixtures using the columnar techniques of 
frontal analysis, elution analysis, and dis- 
placement analysis. Norit-A with alcohol 
and silica gel with chloroform were used as 
combinations of phases to achieve the separa- 
tions. Frontal analysis is a useful means of 
separating the terpenes. 


‘T= CONVENTIONAL METHODS of separation of 

the components of volatile oils are not satis 
Distillation 
occasionally inapplicable to the 


factory in all cases methods are 
separation and 
and the effect 


to the terpenes. 


purification of small quantities, 
of heat is generally detrimental 
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(a) The assay is carried out in the hypotensive 
range of the drug, as shown by the correla- 
tion of assays with fall in blood pressure. 

(b) The assay has a clearly distinguishable 


end point, namely the loss of the pressor 
response to the carotid sinus reflex. 

(c) The assay is reproducible, since the varia 
tion two the 
powder differed by less than 15 per cent. 


between assays on same 


(d) There is no necessity for comparing re 
sults with those of a reference standard 
preparation in order to determine potency, 
since the C. S. R. end point itself is appar- 
ently a true measure of hypotensive _po- 
tency. 

1. It is suggested that this assay procedure 
could be used to assay other hypotensive agents. 

5. A unit of potency based on this assay is 
proposed. It is suggested that such a unit be 
known as the C. S. R. upit. 
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The chromatographic method has been applied 
(1-3) as a technique in the separation of a few 
terpenes. The present study of the chromato 
graphic properties of terpenes was undertaken 
to provide a method which might have applica 
tion to volatile oil analysis and to determine the 
efficacy of other fractionation procedures. 


METHODS 


The design of experimentation was based on the 
methods proposed by Claesson (4). The procedure 
of frontal analysis was applied to a variety of single 
terpenes and to several binary mixtures. Elution 
analysis and displacement analysis were also ap- 
plied to a separation of thymol and carvacrol. 

A detailed study of various adsorbent or parti- 
tion agents and various solvent combinations was 
undertaken to provide suitable separating combina 
tions. Alumina, silica gel, Florex, Norit-A, adsorp- 
tive magnesia, calcium hydroxide, and X-202 were 
each used in combination with solutions of various 
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terpenes in absolute alcohol, benzene, chloroform, 
and petroleum ether. The data derived from these 
experiments demonstrated that absolute alcohol- 
Norit-A and petroleum ether-silica gel were the 
better combinations. The combination of alcohol 
and Norit-A was used because of the high boiling 
point and low refractive index of alcohol. Silica 
gel-chloroform was found to be best adapted to the 
analysis of thymol and carvacrol mixtures 

Frontal Analysis...Approximately 1 Gm. of 
Norit-A, accurately weighed, was carefully packed 
in a tube 14 mm. in diameter and 10 cm. in length 
The lower end of the tube was fitted with a cork 
carrying a tube 3 mm. in diameter and 8 cm, in 
length. The outlet tube was attached to a 10-cc 
graduate by means of a cork. The receiver was 
vented. A separatory funnel was attached to the 
upper end of the tube by means of a cork. 

A solution containing approximately 1° (w/v) 
of the solute was allowed to pass through the system 
The filtrate was collected in 0.5-ce. portions, and the 
refractive indices were determined at 20° with the 
Abbé refractometer. Ten different terpenes were 
analyzed by this procedure. Six combinations were 
designed from these ten compounds. Solutions 
containing approximately 1°) (w/v) of each ingre- 
dient were used. 

Elution Analysis...Approximately 10 Gm. of 
silica gel was packed in a larger chromatographic 
tube of the design described above. Ten cubic 
centimeters of a chloroform solution containing 
approximately 5°, (w/v) of thymol and 2.5%, (w/v) 
of carvacrol was poured into the tube. Chloro- 


TaBLe I.—FrRONTAL ANALYSIS OF SINGLE 
ComMPpouNDS 


Absolute Alcohol; Adsorbent: Norit-A 


Solvent 

Conen. of Amt. of 

Terpene, Adsorbent, Retention 
Compound Gm Volume* 
Limonene 1.0244 0.9990 5.0 
Pinene 1. 0068 1.0220 2.0 
Cymene 0. 9968 0.9914 2.5 
Pulegone 0.9974 1.0115 2.5 
Menthone 1.0000 1.0038 2.5 
Menthol 1. 0096 1.0002 2.0 
Carvacrol 1.0060 1.0058 3.5 
Thymol 1.0106 1.0005 2.0 
Geraniol 1.0060 1.0030 20 
Linalool 0.9996 1.0008 2.5 


“ The retention volume is the volume of the eluate collected 
before the appearance of the terpene These values are based 
on refractive index measurements at 0.5-cc. intervals 


Taste III 


Solvent 
Method 
Frontal analysis 


Materials 
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SEPARATION OF CARVACROL AND THYMOL 


Chloroform, Adsorbent 


Thymol, 5 0040°; 
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form was then allowed to pass through the column 
The filtrate was collected in l-cc. portions, and the 
refractive indices were determined. Each portion, 
after evaporation, was tested with ferric chloride 
T.S. to determine the appearance of carvacrol. 

Displacement Analysis.._Approximately 10 Gm. 
of silica gel was packed in a chromatographic tube 
of the design described above. Ten cubic centi- 
meters of a solution containing 5% (w/v) of thymol 
and 2.5°, (w/v) of carvacrol was poured in the 
tube. A solution of menthol, 2°) (w/v), in chloro- 
form was allowed to pass through the tube. The 
filtrate was collected in 1-cc. portions, and the re- 
fractive indices were determined. Each portion, 
after evaporation, was tested with ferric chloride 
T.S. to determine the appearance of carvacrol. 


EXPERIMENTAL RESULTS 


The results presented in Tables I-III are derived 
from graphs presenting volume-refractive index 
comparisons and represent a summary of expere 
mental results. 


TasLe Il.—FRoNTAL ANALYSIS OF BINARY MIx- 
TURES 
Solvent Absolute Alcohol; Adsorbent: Norit A 
Concn. of Amt. 
Terpene, of Absorb- Terpene 
Mixture % ent, Gm Separated® 
Limonene 1.0248 
and , 1.0036  Pinene 
Pinene 0.9912) 
Pinene 0. 9980 
and 1.0010 Cymene 
Cymene 1.0036, 
Pulegone 1.0184 
and > 1.0048 Menthol 
Menthol 1.0116 
Menthone 0 9816 
and 1 0024 Undetermined 
Menthol 0.9900 
Thymol 0.9956 
and 1.0004 Thymol 
Carvacrol 1.0096 
Geraniol 0. 9872 
and 1.0010 No separation 
Linalool 1.0004) 


“ The refractive index of the eluate at first remains static 
as the solvent passes through. The refractive index changes 
and again becomes static. This portion contains one com- 
ponent. Portions collected subsequent to this contain both 
components 


Silica Gel 
Eluate 
Appearance of Thymol Appearance of Mixture 


After 8 cc. After lice. 


Carvacrol, 2.5044°, 
Silica gel, 10.0543 Gm 


Elution analysis* 


Thymol, 5.1010°; 


After 10 ce. After 13 ce. 


Carvacrol, 2.5200°; 
Silica gel, 10.1142 Gm 


Displacement analysis” 


Thymol, 5. 1010% 


After 10 ce. After 13 ce. 


Carvacrol, 2. 5200% 


Silica gel, 10.25% 


* Ten cubic centimeters of the solution of the terpenes was added 
* Ten cubic centimeters of the solution of the terpenes was added 


used as the displacement liquid 


30 Gm 


Chloroform was used as the wash liquid 
A solution (2.053°)) of menthol in chloroform was 
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SUMMARY AND CONCLUSIONS 


The procedures of frontal analysis, elution 
analysis, and displacement analysis have been 
applied to several terpenes and terpene mixtures 
rhe results indicate that separations are achieved 
In binary mixtures, one component is separated 
in small quantities before the mixture appears 
in the eluate. 

the better 
conditions 


Frontal analysis appears to be 
the 


utilized in these experiments, for the separation 


method, among methods and 


of terpenes. The method appears to be most 


the genus Asclepias are reported. 


PHARMACEUTICAL 


Studies on Species of Asclepias. 
By W. E. HASSAN, Jest and E. V. LYNNS§ 


The results of chemical investigations carried out upon the roots of six members of 
The preliminary phase of this study consisted of a 
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effective in the resolution of mixtures of two 
terpenes when one terpene isin high concentration. 

Solvents other than those used in this work are 
Petro 


leum ether was found to be very useful in the 


applicable to the separation of terpenes. 


separation of menthol and menthone, but quali 
tative analysis of the eluate was difficult. 
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V. Chemistry*' 


proximate analysis of the roots of A. tuberosa L., A. syriaca L., A. speciosa Torr., A. 
incarnata L. var. alba Hort., A. incarnata L. var. pulchra Hort., and A. curassavica L. 
The root of A. taberosa L. was subjected to a phytochemical analysis which resulted 
in the separation of three fatty acids, a hydrocarbon, a sugar, a phytosterol, an oil, 
three unidentified crystalline fractions, and the concentration of a potent estrogenic 


A" view of the literature on the six species we 
have studied shows that most chemical im 
Yestigations have been made on only two of them 
The milky Aselepias syriaca L. (A 


juice of 


Gornut: Decaisne) has been found to contain 
Caoutchoue (1); a resin asclepion (2); esters of 
butyric (5), acetic, palmitic, cerotic, and erucic 
acids (4 and @ and S-amyrin (5). From the 


rhizome have been obtained sucrose (6), a bitter 
principle or glucoside (7), /-nicotine (S), and glu 
The stems have been used for fiber 
Oil from 
the seeds has been analyzed several times with 


cose 


and the seed-hairs for textiles (10) 


varving results (11 
rhe roots of 


compounds found in most plants, are presumed 


tuberosa L., besides the usual 


to contain a glucoside or saponin (6, 12, 13) and 
an estrogeme substance (14) 
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substance into a biologically active fraction. 


The aerial portions of A. curassavica L. con- 
tain asclepiadin (15), an amorphous glycoside 
found in several other plants. 

Phe latex of A 


tease (16) which may also be present in other 


speciosa Torr. contains a pre 


members of the genus 

No investigation has apparently been made of 
«1. incarnata L. var. alba Hort., or A. incarnata L 
var pulchra Hort 


EXPERIMENTAL 


Proximate Analyses.—Samples of the roots of 
the six species were gathered from first-year plants 
in early August prior to any development of the 
floral parts. They were dried in the air, ground 
coarsely, and submitted to proximate analysis. The 
results are given in Table I 

Root of A. tuberosa.. The coarsely ground root, 
amounting to 5 Kg., was extracted according to the 
method of Harnack for the isolation of asclepiadin 
from vincetoxicum root (17). This gave 0.001% of 
a light tan powder which was soluble in water, alco- 
hol, and chloroform, but was insoluble in ether. 
The aqueous solution possessed a bitter taste. Vari- 
ous attempts to crystallize the material met with 
failure, as previously found by others investigating 
asclepiadin It gave a positive Molisch test for 
carbohydrate but none with the usual alkaloidal pre 
cipitants except tannic acid. It had no reducing 
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ANALYsIS OF Srx SpEcIES OF ASCLEPIAS 


A. A 

tuberosa syriaca 

Moisture 9.0 11.5 

Ash 5.01 8 52 

Acid-insoluble ash 0.63 0.95 

Crude fiber 28.15 30.50 
Successive extractions: 

Benzin 1.25 0.22 

Ether, abs. 1.30 0.31 

Alcohol 3.5 2.9 

15.85 13.28 


Water 


properties but, after hydrolysis, gave a reduction of 
Fehling’s solution. The melting range was found to 
be 90-120 All of these properties agreed with 
those described by others for asclepiadin, but they 
also indicated that the material was a mixture 

The alcoholic extract of the root was exhausted 
with ether to remove fatty material, and was de 
colorized with activated charcoal. The solution was 
allowed to evaporate spontaneously, and after about 
two-thirds of the solvent had vaporized, large tan- 
colored crystals were deposited. After purification 
these crystals were found to be sucrose, the total 
yield amounting to about 0.11% of the dried root. 

Several samples of the air-dried root (about 700 
Gm. each) were extracted for about ten hours with 
petroleum ether in a Soxhlet apparatus. The solu 
tions were collected and the solvent was removed by 
distillation at reduced pressure. The dark, olive- 
green, oily residue, after being partly decolorized by 
treatment with purified siliceous earth, amounted 
to about 1.5% of the dried root. The decolorized 
oil had a specific gravity of 0.9376 at 20°, a refrac- 
tive index of 1.4860 at 15°, a saponification number 
of 185.5, an acid value of 106.8, and an iodine num- 
ber of 132.5 

The oil, after standing at room temperature, de- 
posited a solid fat-like material, and the amount of 
this deposit was increased by refrigeration to about 
36% of the oil. The solid, after repeated recrystal- 
lization from methyl alcohol, had a melting point 
of 28°, was light yellowish-white in color, and 
possessed no odor but had a characteristic fatty 
taste. The material was placed in hot 0.2 N alco- 
holic potassium hydroxide and the mixture was 
boiled for a few minutes. Most of it went into solu- 
tion, but a small amount of unsaponifiable matter 
was collected by filtration. Upon acidification of 
the solution, there was obtained a white, fluffy pre- 
cipitate which was soluble in petroleum ether, ether, 
acetone, alcohol, amyl alcohol, benzene, carbon 
tetrachloride, and hot methyl alcohol. This pre- 
cipitate had a refractive index of 1.2490 at 42°, a 
neutralization equivalent of 193.25, a molecular 
weight (by the Rast method) of 195.86, an acid 
value of 40.88. It melted at about 40°, and gave no 
test for unsaturation. Since these properties pointed 
to lauric acid, a p-bromophenacyl ester was pre- 
pared in the usual way. The melting point of this 
ester was 74°, confirming that the acid was lauric 
acid and indicating that the original deposit in the 
oil was trilaurin. The small amount of unsaponifi- 
able matter was separated into two portions by frac- 
tional precipitation of an alcoholic solution by water. 
One was a light yellow, brittle solid that melted at 
58-60°, had a molecular weight (by the Rast 


A A A. A. 
speciosa curassavica var. alba var. pulchra 
10.2 9.5 7.8 8.5 
9.97 10.05 7.50 4.79 
1.09 1.13 0.70 0.82 
27.52 26.85 21.5 23.19 
1.02 0.48 0.86 0.75 
0.51 0.83 1.01 0.92 
1.8 7.6 9.5 5.5 
14.65 16.45 17.40 15.50 


method) of 132, and gave positive Liebermann- 
Burchard and Salkowski reactions for sterols. The 
other was a dark greeuish-brown mass that weighed 
about 0.4 Gm., melted at about 28°, and had @ 
molecular weight of approximately 247. These 
properties indicated that it was a saturated hydre 
carbon 

By refrigerating the remaining petroleum ether 
extract for two weeks, there was obtained a further 
deposit of a light yellow-green solid, which was re 
moved by filtration This crude solid, which had @ 
melting range of 581°, was purified by dissolving 
it in hot acetone with activated charcoal and re 
fluxing the solution for two hours. The mixture was 
then filtered, concentrated, and rapidly cooled. 
From the cold solution there crystallized a light 
yellow solid with a melting point of 62°, a neutrali- 
zation equivalent of 249, and a molecular weight of 
246.8. The conclusion that this was palmitic acid 
was confirmed by preparing the p-bromophenacyl 
ester, which melted at 84 

From the residual petroleum ether extract uo 
crystalline bromide could be separated, indicating 
the absence of linoleic and linolenic glycerides. This 
residue was saponified with alcoholic potassium hy- 
dyoxide and acidified to liberate the fatty acids im 
the form of a dark brown oil. Two drops of the off 
was dissolved in sulfuric acid, and a dilute solution 
of vanillin was superimposed. A violet-colored ring 
appeared at the junction of the two layers, indicating 
that oleic acid was present. The remainder of the 
acid mixture was neutralized with potassium hy- 
droxide, and to the dilute solution, 10% potassium 
permanganate was added dropwise with constant 
stirring, until the pink color was permanent. The 
solution was acidified to dissolve the manganese 
dioxide and to liberate the fatty acids. There pre- 
cipitated a small quantity of a white substance, 
which was collected on a filter and dried, It melted 
at 133-135°, sufficiently close to the recorded melt- 
ing point of dihydroxystearic acid (136.5°) to indi 
cate that oleic acid was present in the acid mixture. 
It would appear that glycerides of oleic acid were 
contained in the original extract. 

Estrogenic Substances.—Costello and Lynn re- 
ported that the root of Asclepias tuberosa has estro- 
genic activity (14), and experiments were designed 
to confirm this statement and to test other species. 
For this purpose the material was extracted to the 
total phenol fraction by the modified Pincus method. 
The biological assay was that of Allan and Doisy 
(18) and the results were also checked with a Beck- 
man quartz spectrophotometer by comparing the 
ultraviolet absorption curves with the typical curve 
for estriol. 
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No estrogenic activity could be demonstrated in 
the stems, leaves, pods, or seeds of A. iuberosa, but 
the roots possessed a significant amount. The total 
phenol fraction produced a positive state of estrus 
in 50% of the test animals after administration in 
doses of 15-25 mg. per rat, and gave the typical ab- 
sorption curve. Based upon a yield of 0.6% of the 
root for the total phenol fraction, this represents a 
substantial estrogenic activity 

No activity could be proved in the leaves, flowers, 
seed hairs, or pods of A. syriaca. The stems and 
roots did produce a typical absorption curve, but the 
total phenol fraction did not produce estrus in doses 
as large as 150 mg 

No significant amount of estrogenic activity 
could be found in various parts of the other four 
species, although a weak biological response was 
shown by the stems in two cases. The total phenol 
fraction of A. speciosa appeared to be somewhat 
toxic to the rats 


SUMMARY 


1. The results of proximate analyses on the 
foots of six members of the genus are presented 

2. From the root of Ascleptas tuberosa were 
Separated a substance similar to asclepiadin, 
Bucrose, trilaurin, palmitic acid, an ester of oleic 


A colorimetric method of assay is described 
involving the streptidine moiety of the strep- 
tomycin and dihydrostreptomycin molecule. 
The method is simple, reproducible, and 
rapid. Comparative results between the 
chemical assay and the microbiological as- 
say are presented. 


— the discovery of streptomycin and di- 

hydrostreptomycin, several microbiological 
and chemical methods of assay have been pro 
posed Phe microbiological assay methods utiliz 
ing strains of Bacillus subtilis (1) and Escherichia 
coli (2) have been found advantageous in de 
termining the potencies of these antibiotics in 
body fluids and in various dosage forms. Sim 
ilarly, the chemical assay methods for strepto 
mycin of Boxer, et al. (3), and Scudi, et al. (4) 
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A Colorimetric Determination of Streptomycin and 
Dihydrostreptomycin* 
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acid, and probably a sterol and a saturated hy- 
drocarbon. Estrogenic activity of the root was 
confirmed, but tests of various parts of this and 
other species showed little or no activity. 
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have been equally applicable to the determina 
tion of the concentration of these antibiotics in 
biological systems and in various dosage forms 
The periodate oxidation method proposed by 
Garlock and Grove (5) for assaying dihydro- 
streptomycin has been found satisfactory. How- 
ever, the lengthy procedure involved has made 
this method inapplicable for the routine testing 
of large numbers of samples. 

The chemical assays for streptomycin have 
been reactions dealing with either (a) the alkaline 
hydrolysis of the streptose moiety to form maltol 
(2-methyl-3-hydroxy-y-pyrone) which produces 
a stable purple-red color when reacted with 
ferric ions in acid solution (3), or (>) with » 
methyl 1-glucosamine, the amino sugar moiety 
of the streptomycin molecule which produces a 
pink color with the Elson-Morgan reagent (4) 

A colorimetric method of assay for strepto 
mycin and dihydrostreptomyvein involving the 
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streptidine moiety of the molecule was developed 
in this laboratory. The method is based es- 
sentially on the procedure described by Weber 
(6) and modified by Sullivan, et al. (7), who used a 
540 my broad-band filter to obtain transmittancy 
readings. On the addition of an alkaline solu- 
tion of sodium nitroprusside and potassium 
ferricyanide [a reagent mixture for guanidine 
(6)} to a dilute aqueous solution of streptidine 
sulfate, an orange-red color is produced with 
an absorption maximum at 490 my, which is 
proportional to concentration. Similar absorp- 
tion maxima are obtained for streptomycin and 
dihydrostreptomycin (Fig. 1), each giving a 
proportional to its concentration and 
obeying the Beer-Lambert law over the range 
selected. 
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MICROGRAMS PER 20 MILLILITERS 


Fig. 1.—-Absorption curve of the colored solution 
on the addition of the reagent to aqueous solutions 
of streptomycin or dihydrostreptomycin. 


Since the advent of dihydrostreptomycin, 
which gives a negative maltol test, this method 
has been used successfully in the determination 
of the potency of practically all types of dosage 
forms containing dihydrostreptomycin. Even 
such preparations as mixtures of streptomycin or 
dihydrostreptomycin with p-aminosalicylic acid 
have been assayed satisfactorily. 

Recrystallized dihydrostreptomycin sulfate 
having a potency of 800 yg./mg. is used as the 
reference standard 


Screntiric Epirion 


COLORIMETRIC METHOD 


The reagent used is prepared as follows: Com 
bine and mix equal volumes of 10% sodium nitro- 
prusside, 10% potassium ferricyanide, and 10% 
sodium hydroxide, in the order given. A deep red 
color is formed which changes to a yellow-green 
after standing at room temperature for approxi- 
mately fifteen minutes. Dilute 1.0 ml. of this 
yellow-green solution to 100 ml. and shake. This 
final solution is the working reagent and is made up 
daily as described. (Each of the 10% solutions is 
stable for at least two months when stored in amber 
bottles. ) 

Procedure.—_To 10.0 ml. of an aqueous solution 
containing 200-1,000 yg. of streptomycin or di- 
hydrostreptomycin, add 10.0 ml. of the diluted rea- 
gent and allow the color to develop at room temp- 
erature for three minutes. A reagent blank which 
is prepared at the same time, using 10.0 ml. of water, 
is used in setting the colorimeter for 100% trans 
mittancy with a 490 may filter 

The concentration of the unknown solution is de 
termined by referring to a standard curve (Fig. 2) 


ABSORBANCY 


ber 450 500 600 
WAVELENGTH IN MiLLIMICRONS 
Fig. 2.--Standard curve showing the relation- 


ship of the concentration of streptomycin or dihy- 
drostreptomycin to transmittancy using a 490 my 
filter. 


prepared by treating appropriate aliquots of a 
standard solution of crystalline dihydrostreptomycin 
in the same manner as indicated above, and plotting 
per cent transmittancy against concentration on 
semilog paper. The reproducibility is approxi- 
mately +2%, and the color is stable for one-half 
hour. To confirm the applicability of this curve 
for assaying streptomycin sulfate, a large number of 
samples have been tested. It was found that 
within the limits of the accuracy of the method, 
satisfactory comparative values were obtained 
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between this method, the maltol, and the micro 
biological methods, as is shown in Table I 


Taste AND MICROBIOLOGICAL 

Metuops: Comparative ASSAY RESULTS FOR 

STREPTOMYCIN SULFATE FINISHED COMMERCIAL 
PoWDERS 


Microbio- 


Streptidine Maltol logical, 

Sample Gm _/ Vial Gm_ Vial Gm. Vial 
l 5.18 5.15 5.34 
2 5.15 5.15 5.20 
3 5.18 5.15 §.23 
4 5.10 5.20 5.30 
5 5.30 5.30 5.40 
5.35 5.30 5.30 
7 5 5.20 5.10 
5.35 5.35 5.35 
1m 
1.06 1.05 1.08 


Many samples of dihydrostreptomycin, both 
solids and liquids, have been assayed by this 
method, and comparative values with those of the 
microbiological method are shown in Tables II and 


Il. Comparative Assay RESULTS FOR 
DINYDROSTREPTOMYCIN SOLUTIONS 


Streptidine 


Microological, 
Mi 


sample ux. (MI wx 

» 519.000 513 
3 525,000 502 000 

530 512,000 
5 510,000 524,000 
000 520 000) 
7 S87 000 538 
525 0000) O00 
527 000 


Phe main possible source of interference would be 
the decomposition product, streptidine. However, 
@ue to its insolubility, removal is achieved in re 
covery processes. Other possible decomposition 
products containing the streptidine moiety have 
not been encountered in quantities sufficient to af 
fect the results in routine testing. Methanolic 
solutions of streptomycin and dihydrostreptomycin 
containing potencies less than 1,000) gg. /mg 
should be carefully evaporated to dryness before 
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Tasie Assay RESULTS FOR 
DIHYDROSTREPTOMYCIN CRYSTALLINE FINISHED 
PowDERS 


Streptidine Microbiological 
Sample ue. /Mg Mg 
780 785 
2 785 790 
3 780 800 
4 780 
5 810 
6 
7 S800 
770 
10 770 


proceeding with the assay, since methanol inter 
feres. The presence of sodium chloride in excess 
of 0.5% in dilute solutions of streptomycin or dihy 
drostreptomycin reduces the color intensity 


CONCLUSIONS 


From the data presented, it is seen that the re 
sults obtained by this method are directly related 
to microbiological activity. The close agreement 
with the maltol method for streptomycin sulfate is 
further proof of its precision and applicability 


SUMMARY 


A colorimetric method for streptomycin and 
dihydrostreptomycin has been described. The 
method is simple, reproducible, and rapid. 

Solutions of streptomycin or dihydrostrepto 
mycin having a concentration as low as 20 


pg. ml. can be assaved by this method. 
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Experiments with Khellin. 


I. The Preparation of 


Desmethylkhellin and Some of Its Derivatives* 


By HAMED ABU-SHADY}{ and TAITO O. SOINE, 


Khellin CyHwOs, when refluxed with 


hydrobromic aci 


yields a partially demethylated compound named by us as des- 


methylkhellin (2-methyl-5-hydroxy-8-methoxyfurochromone ), CyHwO;. It occurs 
as deep yellow prisms, m. p. 201°. Methylation of desmethylkhellin with either 
diazomethane or methyl iodide results in the formation of khellin. The acetyl deriv- 
ative of desmethylkhellin was prepared in the usual manner. The ethyl, m-propyl, 
n-butyl, allyl, carbethoxymethyl, acetamido, phenacyl, and beta-diethylaminoethyl 
derivatives were prepared by refluxing the appropriate halide with desmethylkhellin 
in acetone with an pe ee potassium carbonate. Hydrolysis of the carbethoxy- 


methyl 


me (I-a), the main active constituent of 

Ammi visnaga fruits (1), has recently been 
shown to be a potent coronary vasodilator (2) 
and to constitute a promising agent for the relief 
of the anginal syndrome (3). Earlier pharma- 
cological investigations, however, had demon 
strated its antispasmodic properties (4). 

In the course of attempts to prepare the parent 
dihydroxy furochromone, Clarke and Robertson 
(5) obtained, by refluxing khellin with a mixture 
of hydriodic acid and acetic anhydride, a phenolic 
substance which on methylation yielded a di 
methyl ether isomeric but not identical with 
khellin. In the present work it has been found 
that, when khellin is refluxed with hydrochloric 
acid, demethylation of only one of the methoxyl 
groups in khellin takes place to yield a phenolic 
substance for which the name desmethylkhellin is 
proposed. This demethylation can also be 
effected smoothly and more efficiently by simply 
refluxing khellin with hydrobromic acid or 
hydriodic acid for a short period of time. Khellin 
is regenerated from desmethylkhellin by treat 
ment with diazomethane or by refluxing an ace 
tone solution of it with methyl iodide and an 
hydrous potassium carbonate. 

Desmethylkhellin (I-b) gives an intense green 
color with ferric chloride solution but is very 
sparingly soluble in sodium hydroxide solution. 
This behavior toward sodium hydroxide and the 
difficulty encountered in methylating this phenol 
with diazomethane is suggestive of the feeble 
acidity of the phenolic hydroxyl group. This is 
probably due to hydrogen bonding with an ad- 
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erivative yielded carboxymethyldesmethylkhellin. 


OR O 
5 
7 it ik | 
oO oO dig. 
| CH, | CH; 
OCH; OCH; 
I II 
(I-a) R = —CH; 
(I-b) R = —H 
(lec) R = —COCH, 
(I-d) R = —C,H; 
(le) R = —C;H,(n) 
(Il-f) R= 
(l-g) R = —C,Hg(n) 
(I-h) R = —CH;—CH=CH;, 
(l-i) R = —CH,COOC,H, 
(I-j) R = —CH,COOH 
(I-k) R = —CH,CONH;, 
R= CHeCOC.H; 
(I-m) R = 


jacent carbonyl group (11). This could only be 
the/case if the methoxyl group at Cs, and not the 
one at Cs, was involved in the demethylation 
procedure. It is not surprising that such a de- 
methylation would proceed smoothly under mild 
conditions if the methoxyl group at C; is looked 
upon as a vinylog of an acid ester, viz., 


OCH; 
fe) 
C 
—c c? 
| 


In support of this view, visnagin (2-methyl-5- 
methoxyfurochromone) has been shown to de- 
methylate easily when refluxed with dilute hydro- 
chloric acid (6). However, desmethylkhellin was 
subjected to alkali hydrolysis and the ketone so 
obtained gave an intense green coloration with 
ferric chloride solution but failed to behave like 
a catecholic phenol on addition of dilute sodium 
carbonate solution. Likewise, it failed to give 
the silver nitrate test (7) characteristic of orthu 
and para substituted diphenols. 
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When refluxed with acetic anhydride in the 
presence of anhydrous sodium acetate, des 
methylkhellin yields an acetyl derivative (I-c). 
rhe ethyl (I-d), n-propyl (1-e), iso-propyl (I-f), 
n-butyl (I-g), allyl (I-h), carbethoxymethyl (I-1), 
acetamido (I-k), phenacyl (I-1), and N,N-diethyl 
aminoethyl (I-m) ethers were prepared. They 
were prepared by allowing desmethylkhellin to 
react with the respective alkyl halides for the 
first five ethers (1-d through I-h) and with ethyl 
chloroacetate, phenacyl bromide, chloroaceta 
mide, and N,N-diethylaminoethy] chloride hydro 
chloride, respectively, for the last four ethers. 
Acid hydrolysis of the carbethoxymethyl ether 
furnished the free acid (1-j) in almost quantita 
tive vield. Although the free acid in this case is 
insoluble in water, the sodium salt is readily 
soluble as shown by the ready solubility of the 
free acid in alkaline solutions. The N,N-diethyl 
aminoethyl! ether is of special interest, being only 
moderately soluble in water but very soluble in 
acidified solutions 

These compounds are currently undergoing 
pharmacologic study relating to their coronary 
vasodilator action but as yet no indication of 
their comparative activity to khellin is available. 


EXPERIMENTAL 


Desmethylkhellin (2-Methyl-5-hydroxy-8-meth- 
oxyfurochromone To ten grams of I-a, 50 cc. of 
hydrobromic acid? (sp. gr. 1.38) was added, and the 
deep red solution was refluxed for five minutes, after 
which desmethylkhellin separated as yellow crystals 
which caked in the flask. The crystalline cake was 
separated from the acid mother liquor by filtration 
on a Biichner funnel, and the product was washed 
with water until free of acid. Crystallization from 
absolute acetic acid and acetone, respectively, 
yielded bright yellow prisms of desmethylkhellin, 
m. p. 201° An ethanol solution of desmethy! 
khellin gave an intense green ferric reaction, but the 
compound was sparingly soluble in sodium hy 
droxide solution. Unlike khellin, it gave no color 
with sodium hydroxide pellets 

Anal.—Caled. for Cy C, 63.40; H, 4.09; 

OCHs,, 12.6. Found: C, 63.35; H, 4.31 OCH,, 
12.7. 

Khellin from Desmethylkhellin. (a) A mixture 
of desmethylkhellin (2 Gm.), methyl iodide (5 ce.), 
anhydrous potassium carbonate (5 Gm. ), and acetone 
(100 cc.) was refluxed for twenty-two hours. The 
acetone filtrate and washings were evaporated to 
dryness. The crystalline residue was dissolved in 


Alternatively, the formula of desmethylikhellin may be 
represented as 2 methyl-5-methoxy-S-hydroxyfurochromone 
However, evidence is given in this paper to support the 
2 methyl-5-hydroxy-8-methoxyfurochromone formula Fur 
ther work is in progress either to prove more conclusively or 
to disprove the desmethylkhellin formula that has been 
tentatively adopted 

? Desmethylkhellin can also be obtained by using hydro 
chloric acid with a longer reflux period, but the yields are 
poorer Hydriodic acid gives results similar to hydrobromic 
acid 
1 All melting points are uncorrected 
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boiling water, filtered while hot, and left to crystal- 
lize in a cool place. This procedure yielded 1.4 Gm 
of almost colorless needles of khellin which was 
identified by melting point, mixed melting point, 
red color produced with potassium hydroxide 
pellets, and analysis 
Anal.—Caled. for CyHwO,: OCHs, 23.8 
Found: OCHs,, 24.3 
(6) To a suspension of desmethylkhellin (1 Gm.) 
in ether was added an excess of an ethereal solution 
of diazomethane, and the mixture was left over 
night in an ice bath. The ether and excess diazo- 
methane were distilled off, and the dark-colored oily 
residue was dissolved in a small volume of methanol 
and left in the refrigerator overnight. The brown 
colored crystals that resulted were then purified as 
above to give 0.1 Gm. of khellin identified as already 
described 
Anal.— Caled. for CyHwO.: C, 64.60; H, 4.65; 
23.8. Found: C, 64.85; H, 5.08; OCH,, 
23.60 
Acetyl Desmethylkhellin.A mixture of des 
methylkhellin (1 Gm.), acetic anhydride (10 cc.), 
and fused sodium acetate (0.2 Gm.) was refluxed for 
one hour. The reaction mixture was then poured 
into crushed ice to yield a crystalline acetyl deriva 
tive. These crystals were removed by filtration and 
recrystallized from boiling water, followed by alcohol, 
to give light yellow prisms of acetyl desmethylkhel- 
lin, m. p. 173°. Acetyl desmethylkhellin gave no 
color with potassium hydroxide pellets 
Anal.— Caled. for CyHwOs: C, 62.48; H, 4.19 
Found: C, 62.11; H, 4.40 
Diphenol from Desmethylkhellin Hydrolysis. 
Desmethylkhellin (2 Gm.) was refluxed with 5% 
aqueous sodium hydroxide solution (100 ce.) for 
one-half hour after all of the desmethylkhellin had 
gone into solution. The dark green solution was 
then rapidly acidified with acetic acid and extracted 
four times with ether. The ether extract was 
washed with water, dried over anhydrous sodium 
sulfate, and then distilled to remove the ether. The 
crystalline residue after repeated crystallization 
from alcohol yielded greenish-yellow crystals, m. p 
191°. Its alcohol solution gave a dark green ferric 
reaction which remained stable to the addition of 
sodium carbonate solution. The alcoholic solution 
also did not give a silver mirror with neutral silver 
nitrate, a reaction said to be characteristic of ortho- 
or para-diphenols (7) 
Anal Caled for Cy Hy: c. 59 5; H, 45 
Found: C, 59.8; H, 4.8 


Ethers of Desmethylkhellin 


The preparation of the following ethers was 
similar to that described under the methylation of 
desmethylkhellin by the methyl iodide-potassium 
carbonate method, so it is felt unnecessary to repeat 
the details of this well-known procedure. The 
completion of the reaction was determined by a 
negative ferric reaction. Unless otherwise stated, 
the ethers are colorless and give the red color re- 
action with sodium or potassium hydroxide pellets 

Ethyl Ether (I-d).—This was obtained from I-a 
and ethyl iodide. The product was crystallized 
from dilute alcohol as needles, m. p. 109-110° 

Anal.—Caled. for C, 65.69; H, 5.14 
Found: C, 65.85; H, 4.82 
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n-Propyl Ether (I-e).—This was obtained from 
l-a and n-propyl iodide. It was crystallized as 
colorless needles from a mixture of benzene and petro- 
leum ether (30-60°), m. p. 93.5° 

Anal.—-Caled. for C, 66.66; H, 5.60 
Found: C, 66.4; H, 5.60. 

Iso-Propyl Ether (I-f).-This ether was obtained 
from lI-a and iso-propyl iodide. A longer reflux 
period (forty-eight hours) was required, however 
It was crystallized from a mixture of benzene and 
petroleum ether (30-60°) to give colorless prisms, 
m. p. 93° 

Anal.— Caled. for CiesHwO,: C, 66.66; H, 5.60 
Found: C, 67.00; H, 5.69. 

n-Butyl Ether (I-g).-- This was prepared from I-a 
and a-butyl iodide, and was recrystallized from a 
mixture of benzene and petroleum ether (30-60° ) to 
give colorless prisms, m. p 99—100° 

Anal.— Caled. for Ci;yH,O;: C, 67.54; H, 6.00 
Found: C, 67.60; H, 6.09 

Allyl Ether (I-h). This ether was prepared from 
i-a and allyl bromide. It crystallized as glistening 
flat prisms from a mixture of benzene and petroleum 
ether (30-60°), m. p. 104.5°. 

Anal.— Caled. for CiwHyOs: C, 67.13; H, 4.93. 
Found: C, 66.9; H, 4.88. 

Carbethoxymethy! Ether (I-i).. This ether was 
prepared from I-a and ethyl chloroacetate in almost 
quantitative yields. Repeated crystallization from 
alcohol yielded light yellow prisms, m. p. 159° 

Anal.— Caled. for Cy;HO;: C, 61.44; H, 4.85. 
Found: C, 61.2; H, 4.76 

Carboxymethyl Ether (I-j).— One gram of I-i was 
dissolved in 25 ce. of glacial acetic acid and to the 
solution was added 25 cc. of water containing 1 cc. of 
sulfuric acid (sp. gr. 1.85). The mixture was re- 
fluxed for twenty minutes, although hydrolysis of 
the ester was immediately apparent as evidenced 
by the prompt separation of the insoluble carboxylic 
acid. Following the reflux period, the product was 
removed by filtration and was thoroughly washed 
with water. Repeated recrystallization from glacial 
acetic acid resulted in almost colorless needles 
(0.7 Gm.), m. p. 278° (decomposition and evolution 
of gas). The product was very sparingly soluble in 
all organic solvents, moderately soluble in glacial 
acetic acid and potassium carbonate solution, but 
very soluble in sodium or potassium hydroxide 
solutions 

Anal.— Caled. for C),H,,O;: C, 59.21; H, 3.97. 
Found: C, 59.2; H, 3.9. 

Acetamido Ether (I-k).. This was prepared from 
l-a and chloroacetamide. It was recrystallized from 
glacial acetic acid to give light yellow prisms, m. p 
289° (decompd.). The product was very poorly 
soluble in organic solvents 

Anal.—-Caled. for C, 59.40; H, 4.31, 
Found: C, 59.2; H, 4.58. 
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Phenacyl Ether (I-l)..-This ether was prepared 
from I-a and phenacyl bromide. The product was 
recrystallized from a mixture of benzene and petro- 
leum ether (30-60°) to yield needles with m. p. 202° 
(brown melt). The compound was sparingly 
soluble in alcohol, readily soluble in chloroform and 
benzene 

Anal.—Caled. for Co;HyO.: C, 69.22; H, 4.42. 
Found: C, 69.2; H, 4.51 

N,N-Diethylaminoethyl Ether (I-m).— This ether 
was prepared from l-a and N,N-diethylaminoethyl 
chloride hydrochloride, using official potassium car- 
bonate (KeCO,. 1'/,H»,O) instead of anhydrous potas 
sium carbonate. In addition, if the ferric reaction of 
the reacting mixture persisted, it was found neces 
sary to add a cubic centimeter or two of water 
When the reaction was complete, the dark-colored 
acetone solution was filtered, evaporated to dryness, 
and the residue dissolved in dilute hydrochloric acid 
The acidic solution was filtered, and the filtrate was 
rendered alkaline with ammonia solution and then 
repeatedly extracted with ether in a separatory 
funnel. The ethereal extract was washed with 
water, dried over anhydrous sodium sulfate, evapo 
rated to a small volume, and left to crystallize in a 
refrigerator. The crystals that separated were re- 
crystallized twice from a mixture of ether and 
petroleum ether (30-60°) to give slightly yellow 
prisms, m. p. 93-94°. It was found to be moder 
ately soluble in water, easily soluble in most organic 
solvents, and very soluble in acidified solutions. 

Anal.-Caled. for CwH»O;N: C, 66.06; H, 6.71. 
Found: C, 65.9; H, 6.84. 


SUMMARY 


1. The preparation of desmethylkhellin from 
khellin is reported, together with the regeneration 
of khellin from desmethylkhellin by two different 
methods. 

2. Evidence has been submitted to suggest 
that khellin has undergone demethylation at Cs 
rather than at Cs. 

3. The preparation of eleven new ethers or 
derivatives of desmethylkhellin is reported. 
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Vasoconstrictors: 


2-Amino Derivatives of Certain 


Alkoxyalkanes*. 


Eleven 2-aminoalkoxyalkanes have been pre- 
pared for evaluation as vasoconstrictors. 
These are the corresponding ether analogs of 
pharmacologically active 2-aminoalkanes. 
All of these compounds possess pressor ac- 
tivity. The most active compound is 2-amino- 
3-(2-methyl propoxy )propane, which is about 
one-half as active and one-half as toxic as 
Tuamine. The preparative methods used are 
described. 


T= ALIPHATIC AMINES of medicinal impor 
tance for their vasoconstrictor activity are 
structurally related compounds. These agents 
include Forthane (1), Oenethyl (11), and Tuamine 
(IIl). These compounds exhibit a physiological 
activity beneficial in the treatment of nasal ob 
structions which result from allergic responses, 
sinusitis, rhinitis, etc. 


CH; NH, 


(I) 
NH—CH; 


(11) 
NH, 


CH;—CH,—CH;— CH: —CH:—CH—-CH, 
(IIT) 


All of these products have an amino group or 
methylamino group in the 2-position. In each 
case the total number of carbon atoms in the chain 
is seven, in the form of either a straight or a 
branched chain. For compounds of this type, 
these structural characteristics appear to be very 
significant for pressor activity. From a pharma- 
cological study of a number of aliphatic amines 
which have five, six, seven, eight, or ten carbon 
atoms, Swanson and Chen (1) found that the 2 
amino compounds were relatively more potent 
substances than the other compounds studied. 
These investigators pointed out also that a chain 
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of seven carbon atoms is probably the optimal 
length for highest pressor activity; a smaller 
number of carbon atoms seems to lower the pres- 
sor activity. In this study, compound I was 
found to be the most active and the next in order 
was III. 

From a review of the literature, it seems that 
only a few alkoxyalkylamines which have five, 
six, seven, or eight carbon atoms and an amino 
group on carbons other than the terminal carbon 
have been prepared (2); no pharmacological 
data are reported for these compounds. The rey 
elation of these facts prompted us to investigate 
a series of aliphatic amines of the general formula 
IV in which R is an alkyl group and y is 1-3, 1n- 
clusive. 

NH: 


R—O—(CH,),—CH—CH, 
(IV) 


These compounds were prepared in order to ob 
serve the pharmacological effects which result 
from the introduction of an ether linkage into 
aliphatic amines which resemble compounds I 
and III. In all of these compounds the primary 
amino group is to be located in the 2-position of 
the alkoxyalkanes. The length of the carbon 
chain is to be such as to include most of the com 
pounds of the aliphatic series which show a favor- 
able pressor activity. The position of the ether 
linkage in the chain is to be shifted in each ho- 
mologous series in order to permit certain conclu 
sions to be drawn relative to the relationship be 
tween the position of the ether linkage in the ali 
phatic chain and the pressor activity of the re 
sultant compounds. 

Eleven 2-aminoalkoxyalkanes have been pre- 
pared, and these compounds have been tested for 
pressor activity by the pithed rat method (3). 

The compounds reported here were prepared 
by the two general schemes, “Method A’’ and 
“Method B,” represented in the diagram. 

Nine 2-aminoalkoxyalkanes were prepared ac 
cording to Method A. Diethyl methylmalonate 
(V) was prepared from methyl bromide and di 
ethyl malonate. The substituted diethyl malo- 
nates (VI) were prepared from V and an alkoxy 
alkyl bromide or chloride. The substituted es 
ters (VI) were hydrolyzed and subsequently de- 
carboxylated to give the alkoxvalkanoie acids 


¥ 
, 
7 
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R—O—(CH;),—CH —CH, 


CH; -CO— CHy—COOC,H,; 


Screntiric Eprrion 


Method A 
Cor CH, 1 Nat 


COOC.H, 


2, R—-O—(CH;),—X 


CH,—C—H 


COOC.H, 
(V) 


NH, 


HN, 


(VIII) 


(IX) 


Method B 


2. R’—O—CH:—CH:—Br 


—— CH,—C—(CH:),—O—R 


COOC.H,; 
(VI) 
1. KOH 
2. H»SO, 
| 3. Heat 
COOH 
+ 
R-—O—(CH;),—CH—CH;, 
(VII) 


—— R’—O—CH,—CH,—CH—CO—CH, 
(X) 


1. Dil. NaOH 
2. Dil. H,SO, 
1. HCONH, 3. Heat 
NH: 2. HCl 


3. NaOH 


(XII) 


R’—O-— CH, 
(XI) 


R is CH; —, CoHs—, n-C\Hy—, iso-C,Hy—, or n-CsHiy, 


R’ is or n-C,H; 
y is | to 3, inclusive 
X is Cl or Br 


(VII). The monocarboxylic acids were allowed 
to react with hydrazoic acid according to the 
Schmidt reaction (4) to yield the desired amines 
(VIII). 

Two 2-aminoalkoxyalkanes were prepared ac 
cording to Method B. Ethyl acetoacetate (IX) 
and an alkoxyalkyl bromide were condensed to 
give substituted ethyl acetoacetate (X). The es- 
ters were converted into the ketones (XI) by 
saponification and subsequent decarboxylation. 
The ketones were allowed to react with formamide 
according to the Leuckart reaction (5) to yield 
the desired amines (XII). 

Preliminary screening studies indicate that all 
of the compounds reported here have pressor 
activity. 

Six alkoxy derivatives of 2-aminopropane have 
been tested. These are methoxy, ethoxy, pro- 
poxy, butoxy, 2-methylpropoxy, and pentoxy 
derivatives. In every case the alkoxy group is 
attached in the 3-position. Preliminary pharma 
cological data indicate that for straight chain 
compounds the activity increases with an in- 
crease in molecular weight from 2-amino-3- 
methoxypropane to 2-amino-3-butoxypropane, 
inclusive. With further increase in molecular 
weight the activity decreases. Thus, optimum 
activity is observed with 2-amino-3-butoxypro- 
pane. The isomer‘c compound, 2-amino-3-(2- 


methylpropoxy)propane is the most active com- 
pound found in this study. The latter compound 
is about one-half as active and one-half as toxic 
as Tuamine. 

Three alkoxy derivatives of 2-aminobutane 
have been tested. These are methoxy, ethoxy, 
and propoxy derivatives. In every case the al- 
koxy group is attached in the 4-position. The 
most active compound was found to be 2-amino- 
4-propoxybutane. 

Two alkoxy derivatives of 2-aminopentane 
have been tested. These are 2-amino-5-ethoxy- 
pentane and 2-amino-5-propoxypentane. The 
former compound was found to be more active 
than the latter. 

Preliminary screening data indicate that the 
location of the ether linkage in a carbon chain of 
a group of isomeric 2-aminoalkoxyalkanes in- 
fluences the pressor activity of such compounds. 
In comparing the activity of 2 amino-3-butoxy- 
propane, 2-amino-4-propoxybutane, and 2-amino- 
5-ethoxypentane, the last compound was found 
to be the most active. It is interesting to ob- 
serve that in each series of compounds the most 
active are those with seven carbons. Comparable 
observations have been observed among the 2- 
aminoalkanes (1). The pressor activity of the 
2-aminoalkoxyalkanes is less pronounced and less 
prolonged than Tuamine. 
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Boiling Point 


Yield Found, Literature Refer 
Halide Method % °C. (Mm.) Cc. (Mm.) ence 
Methoxymethy! chloride I 40.0 55-60 (atmos. ) 55-60 (8) 
Ethoxymethy! chloride I 38.6 66-70 (740 mm.) 81-82 (10) 
n-Propoxymethy! chloride I 24.0 29-35 (34mm.) 109-1093 (759.7 mm.) (11) 
n-Butoxymethy! chloride I 63.5 44-48 (30 mm.) 134 (760 mm.) (12) 
lsobutoxymethy! chloride I 61.0 35-37 (25 mm.) 120-121 (760 mm.) (12) 
n-Pentoxymethyl] chloride I 50-55 (30 mm.) 
3-Methoxyethy! bromide II 48.5 105-110 (atmos. } 111 0-111.4 (746 mm.) (13) 
3-Ethoxyethy] bromide II 61.0 125-126 (atmos. ) 127 3-127 (743 mm.) (13 
3-n-Propoxyethyl bromide II 54.4 53-55 (27 mm.) 146.9-147.3 (743 mm.) (13) 


EXPERIMENTAL 


Melting points were determined in a sealed tube, 
using an aluminum block. All melting points are 
uncorrected. Nitrogen was determined by a semi 
micro Kjeldahl method (6 

Preparation of 3-Propoxyethyl Alcohol. — This al 
cohol was prepared according to the procedure de 
scribed by Cretcher and Pittenger (7) 

Ethylene oxide, 158.0 Gm. (3.0 moles) was allowed 
to react with a stirred solution of 69.0 Gm. (3.0 
Gm. atoms) of sodium dissolved in 720.0 Gm. (12.0 
moles) of propyl alcohol at 35-40° to give 190.0 Gm 

61.0°,) of 8-propoxyethyl alcohol; b. p. 140 
150°; reported b. p. 150° at 743 mm. (7) 

Preparation of Alkoxyalkyl Halides. —All of the 
alkoxyalkyl halides prepared for use as intermediates 
are tabulated in Table 1. The alkoxymethyl chlo 
rides were prepared from an alcohol, formalin, and 
anhydrous hydrogen chloride according to the pro 
cedure described by Marvel and Porter (8) and 
designated as Method I in Table I. The alkoxy- 
ethyl bromides were prepared from an alkoxyethyl 
alcohol and phosphorus tribromide in the presence of 
pyridine according to the method described by 
Palomaa and Kenetti (9%) and designated as Method 
Ii in Table I 

Alkoxymethyl Chlorides (Method I)..-A mixture 
of 4.5 moles of an aleohol and 450.0 Gm. of formalin 
(37°) was saturated with anhydrous hydrogen 
chloride while the temperature of the reaction mix 
ture was maintained at 15-20 The organic layer 
was separated off and the aqueous solution was satu 
rated with calcium chloride to yield additional or 
ganic material. The combined organic layers were 
shaken with calcium chloride and then were filtered 

The filtrate was fractionated to give the alkoxy 
methyl chloride 

Alkoxyethy! Bromides (Method II). A solution 

of 3.0 moles of an alcohol and 52.7 Gm. (0.66 mole) 
of pyridine was added to 325.0 Gm. (1.2 moles) of 
phosphorus tribromide while the reaction mixture 
was stirred and the temperature was maintained at 
O-5 rhe reaction mixture was then allowed to 
come to room temperature and stand overnight 
Phe precipitated solid was filtered off and the filtrate 
was fractionated! to give the alkoxyethy! bromide 
Preparation of Substituted Diethyl Malonates. 
The substituted diethyl malonates used for the prep- 


Particular care should be observed during the distillation 
of the alkoxyethy! bromides prepared by this method. The 
temperature of the contents of the distillation flask should not 
exceed 150 When most of the bromide has been distilled 


off, higher temperatures usually initiate an exothermic reac 
tion which causes the residue to ignite. As an added precau 
tion the use of a nitrogen atmosphere in the distillation flask 
is recommended. 


aration of certain alkoxyalkanoic acids were pre 


pared from diethyl methylmalonate and an appro- 
priate alkoxyalkyl halide according to methods de 
scribed in the literature. The procedure described 
by Simonsen (14) is designated in Table II as 
Method I and the method described by Prelog and 
Heimbach (15) is designated in Table II as Method 
Il. Diethyl methylmalonate was prepared accord 
ing to the procedure described by Weiner (16). All 
of the substituted diethyl malonates that were pre 
pared are tabulated in Table II. 


MALONATES 
COOC?Hs 


R—C—CH; 
COOC,H; 
Vield BP 
R Method % (Mm 

Methoxymethyl I 84.0 81-90 

(2 mm. )* 
Ethoxymethyl I 72.0 1O1-115 

(4 mm.) 
n-Propoxymethyl I 70.0 104-110 

(3 mm.) 
n-Butoxymethyl I 61.5 108-111 

(2 mm.) 
lsobutoxymethyl I 67.0 112-118 

(4 mm.) 
n-Pentoxymethyl I 55.0 119-128 

(3 mm.) 
3-Methoxyethyl II 61.0 104-106 

(6 mm.) 
8-Ethoxyethyl ll 63.8 118-120 

(7 mm.) 
3-n-Propoxyethyl Il 54.0 130-133 

(6 mm.) 


“ Reported b. p. 115-117° at 16 mm_ pressure (17) 


Preparation of Alkoxyalkanoic Acids. All of the 
acids listed in Table III were obtained by hydrolysis 
of the appropriate substituted diethyl malonate and 
subsequent decarboxylation of the dibasic acid by a 
procedure similar to that described below for 3 
methoxy-2-methylpropanoic acid 

A solution of 78.0 Gm. (0.34 mole) of diethyl 
methoxymethylmethylmalonate, 280 ml. of aqueous 
potassium hydroxide (50°; ), and 50 ml. of ethyl al 
cohol was refluxed for two hours. The alcohol was 
removed by distillation, the reaction mixture was 
cooled, and sufficient sulfuric acid (50°, ) was added 
to make the solution strongly acid. The sodium sul- 
fate which precipitated was filtered off, and the fil- 
trate was concentrated to about one-half of its orig- 
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TABLE II 
Yield, 
Acid % 

3-Ethoxy-2-methylpropanoic 48.0 
2-Methy]-3-propoxypropanoic 45.0 
3-Butoxy-2-methylpropanoic 690 
2-Methyl-3-(2-methylpropoxy )propanoic 54.0 
2-Methyl-3-pentoxypropanoic 64.4 
4-Methoxy-2-methylbutanoic 63.7 
4-Ethoxy-2-methylbutanoic 75.5 
2-Methyl-4-propoxybutanoic 67.5 


inal volume. The residue was extracted with four 
25-ml. portions of ether, and the combined ether ex- 
tracts were dried over anhydrous sodium sulfate 
The ether solution was filtered, the solvent was re- 
moved by distillation, and the residue was heated to 
130-140° until evolution of carbon dioxide ceased 
(six hours). The residue was fractionated under re- 
duced pressure, using a nitrogen bleed to attain a 
smooth distillation. A yield was obtained of 150.0 
Gm. (50.067) of 3-methoxy-2-methylpropanoic acid, 
b. p. 104-109° at 14 mm. pressure; reported b. p. 
83° at 3 mm. pressure (17) 

Preparation of 5-Propoxy-2-pentanone. —The 
crude substituted ethyl acetoacetate was prepared 
according to the acetoacetic ester synthesis as de- 
scribed by Marvel and Hager (18) and the crude 
ester was converted to 5-propoxy-2-pentanone ac- 
cording to the method described by Johnson 
and Hager (19) 

From 7.6 Gm. (0.33 Gm. atoms ) of sodium, 165 ml 
of absolute ethyl alcohol, 43.4 Gm. (0.33 mole) of 
ethyl acetoacetate, and 61.0 Gm. (0.37 mole) of 
8-propoxyethyl bromide, a yield was obtained of 
13.0 Gm. (27.067) of 5-propoxy-2-pentanone, b. p 
78-80° at 15 mm. pressure 

A small amount of the ketone was condensed with 
semicarbazide in the usual way, and the resultant 
product was recrystallized from water to give a pure 
semicarbazone which melted at 75.5 to 75°. 

Preparation of 5-Ethoxy-2-pentanone — This prod- 
uct was prepared by the same metho. as that de- 
scribed for 5-propoxy-2-pentanone. 

From 26.0 Gm. (1.13 Gm. atoms) of sodium, 565 
ml. of absolute ethyl alcohol, 147.0 Gm. (1.13 moles ) 
of ethyl acetoacetate, and 192.0 Gm. (1.25 moles) of 
8-ethoxyethyl bromide, a yield was obtained of 37.0 
Gm. (25.2°7) of product, b. p. 164-167° at 750 mm 
pressure. The semicarbazone was recrystallized from 
water and melted at 84-85° 

Preparation of 2-Aminoalkoxyalkanes. The 2- 
aminoalkoxyalkanes listed in Table IV were pre- 
pared by application of either the Leuckart or the 
Schmidt reaction. The preparation of 2-amino-5 
propoxypentane described below is the procedure 
used for the preparation of amines by the Leuckart 
reaction and is designated in Table IV as Method 
1. The preparation of 2-amino-3-methoxypropane 
described below is the method used for the prepara 
tion of amines by the Schmidt reaction and is desig 
nated in Table IV as Method II. The bases were 
converted into sulfate salts for pharmacological 
testing 

2-Amino-5-propoxypentane (Method I)... A mix- 
ture of 13.0 Gm. (0.09 mole) of 5-propoxy-2-penta- 
none, 16.2 Gm. (0.36 mole ) of formamide, and 12 ml. 


Screntiric Eprrion 


I.—ALKOXYALKANOIC AcIDS 


- - — Analysis 


Neut. Equiv 
B. P.,° C. (Mm.) Formula Caled Found 


132 127.9 
146 147.9 
160 160.5 


110-111 (13 mm. 
123-124 (12 mm 
117-119 (5mm 
120-121 (7 mm 
122-124 (4mm 
120-121 (13 mm 
123-126 (10 mm 
133-134 (8 mm. 


174 «176.8 
132 131.5 


CsH 160 160.2 


of formic acid (80%) was heated together at 170- 
180° for eight hours. The reaction mixture was 
cooled and poured into 30 ml. of water. The water 
solution was saturated with potassium carbonate. 
The upper layer was separated and then was re- 
fluxed for one hour with 10 ml. of hydrochloric acid 
(36°). The amine was liberated by the addition of 
solid potassium hydroxide to the acidic solution, and 
the liberated oil was extracted with ether. The com- 
bined ethereal extracts were dried over solid potas- 
sium hydroxide and filtered; the residue was frac- 
tionated to give 6.0 Gm. (48.6° 7) of 2-amino-5- 
propoxypentane, b. p. 81-82° at 17 mm. pressure 

The base was converted into the sulfate salt by 
the slow addition of an ethereal solution of sulfurie 
acid to an ethereal solution of the base. The salt 
which precipitated was recrystallized from isopropyl 
alcohol. The pure product melted at 294- 295° with 
decomposition. 

Anal.—Caled. for N, 7.22. Found? 
N, 7.22. 

2-Amino-3-methoxypropane (Method II). —A mixe 
ture of 15.0 Gm. (0.127 mole) of 3-methoxy-2- 
methylpropanoic acid, 43.6 Gm. (0.445 mole) of sul- 
furic acid (96%), and 150 ml. of anhydrous chloro- 
form was heated to 41°. To the rapidly stirred mix- 
ture was added 9.9 Gm. (0.152 mole ) of sodium azide 
at such a rate that the temperature of the reaction 
mixture did not exceed 43°. After all of the sodium 
azide had been added, the mixture was heated to 
50)-55° for six hours, by which time the evolution of 
gas had practically ceased. The mixture was allowed 
to cool and the chioroform layer decanted from the 
reaction mixture. The residual acidic solution was 
chilled in an ice bath, and the mixture was made 
basic to litmus by the slow addition of sodium hy- 
droxide solution (50°). The solution was then 
steam-distilled until the distillate was neutral to 
litmus. The distillate was made slightly acidic with 
sulfuric acid (50°; ), and the acid solution was con- 
centrated to about 10 ml. Solid sodium hydroxide 
was added to the cold, concentrated solution. The 
amine layer which separated was removed by several 
ether extractions. The ethereal extracts were dried 
over solid potassium hydroxide, the solution was 
filtered, the filtrate was concentrated by distillation, 
and the residue was fractionated to yield 4.0 Gm 
(35.4°7 ) of 2-amino-3-methoxypropane, b. p. 92.5 to 
93.5° at 743 mm. pressure 

The base was converted to the sulfate as described 
above, and the salt was then recrystallized from 
isopropyl alcohol. The pure product melted at 265- 
266° with decomposition. 

Anal.—Caled. for N, 9.68. Found: 
N, 9.70. 


331 
‘ 
—— 
a 
ihe 
ae 
~ 
A 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLI, No. 


-——— Analysis, 
Yield, B. P. of Base, M. P. of Nitrogen ~ 
Amine Method % Cc. (Mm.) nv Sulfate® Formula Caled. Found 
2-Amino-3-methoxypro- Il 34.5 92. 5-93.5 265-266 CsH»N,O.S 9.68 9.70 
pane (743 mm.) (dec.) 
2-Amino-3-ethoxypro Il 36.0 111-115 1.4092 262-263.5 9.21 9.25 
pane (dec. ) 
2-Amino-3-propoxypro Il 135-137 1.4145 265-266 CyHeN.OS 8 43 8.29 
pane (745 mm.) (dec. ) 
2-Amino-3-butoxypro- Il 16.0 153-154 1.4190 288 5-200 7.77 7.82 
pane (740 mm.) (dec. ) 
2-Amino-3-(2-methylpro Il 10.0 144-145 285-286 CyuHsN.OS 7.77 7.45 
poxy )propane (748 mm.) (dec.) 
2-Amino-3-pentoxypro- 39.0 177-178 1.4230 295-296 CisHoN:O.S 7.22 7.11 
pane (748 mm.) (dec. ) 
2-Amino-4-methoxybu Il 13.0 123-126 1.4160 278-279 CiHaN.O.S 9.21 9.22 
tane (740 mm.) (dec. ) 
2-Amino-4-ethoxybutane Il 22.0 137-140 286-287 CreHeN,OS 8.43) 8.36 
(748 mm.) (dec. ) 
2 Amino-4-propoxybu 157-158 1.4226 287-288 CuHssN:OS 7.77 7.85 
tane (750 mm.) (dec. ) 
2-Amino-5-ethoxypen l 32.7 164. 5-166 284.5-286 7.77 7.79 
tane (748 mm.) (dec. ) 
2-Amino-5-propoxypen ist 81-82 294-295 CiHoN:O.S 7.22 7.22 
(17 mm.) (dec.) 


tane 


SUMMARY 


1. Two methods for the preparation of com 
pounds of the general structure IV in which R is 
an alkyl group and y is 1-3, inclusive, have been 
studied 


(CH,), CH, 


R-—O 


2. Eleven amines have been prepared for 


pharmacological testing. These are 2-amino 3 


methoxypropane, 2-amino-3-ethoxypropane, 2 


amino-3-propoxypropane, 2-amino-3-(2-methyl 
propoxy)propane, 2-amino-3-butoxypropane, 2 
amino-3-pentoxypropane, 
2-amino-4-ethoxyvbutane, 2-amino-4 


2-amino-5-ethoxypentane, and 


butane, 
propoxybutane, 
2-amino.-5-propoxypentane 

3. A series of previously unreported substi 
tuted diethyl malonates has been prepared. 

t. A series of previously unreported alkoxy 
alkanoic acids has been prepared and character 
ized. 


5. Preliminary pharmacological screening 
data have indicated that these compounds pos 


sess pressor activity. The most active com 


* All of the sulfates were recrystallized from isopropyl! alcohol 


pound in this series is 2-amino-3-(2-methylpro 
poxy )propane. 
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The lodide-lodine Solubility Relation* 


By SAMUEL W. GOLDSTEIN 


lodine solution N. F. prepared within the rubric limits for sodium iodide and iodine 


can deposit iodine crystals at low temperatures. The solubility relation between 
iodine and sodium iodide in water has been established for a limited range at different 
temperatures. The data indicate the advisability of increasing the amount of sodium 


iodide in the official iodine solution. 


- HE IODINE PREPARATIONS of choice for topical 
antisepsis are the 2 per cent (w/v) iodine 
tincture U P. and iodine solution N. F. (1, 2). 
The formulas for these preparations also include 
2.4 per cent (w/v) of sodium iodide as a stabilizer 
and solubilizer. The 2:2.4 ratio of I1:Nal does 
not provide a sufficient excess of sodium iodide 
to exert the desired solubilizing influence in iodine 
solution under certain conditions. 
This study was undertaken to clarify the solu 
bility relation between sodium iodide and iodine 
in the range permissible in iodine solution N. F, 


EXPERIMENTAL 


Solubilizing Effect of Sodi Iodide on Iodine in 
Water.—Solutions were prepared to contain, in 
each 100 ce., 2.2 Gm. of iodine’ and amounts of 
sodium iodide from 2.05 to 2.60 Gm. The iodine 
was dissolved in a solution of the sodium iodide in 
about 3 cc. of distilled water, then the primary solu- 
tion was diluted with water to 100 cc. in a volu- 
metric flask, mixing after the addition of each por- 
tion of water. The iodine and sodium iodide con- 
tents of the solutions were determined by the official 
assay procedure after keeping at 28° for twenty-four 
hours, at 25° for twenty-four hours, and at 7.5° for 
six days, with occasional agitation. When crystals 
of iodine appeared in a solution, the sample for as 
say was removed through a fine-spun glass-wool 
filter attached at the tip of the pipette. The data 
are given in Table I. The relation of the sodium 
iodide concentration to the solubility of iodine at 
28°, 25°, and 7.5° is shown in Fig. 1. 

The iodine-sodium iodide ratio in the solutions 
saturated with respect to iodine is 0.89 to 0.90 at 
25°. The iodine-sodium iodide ratio for Nal.I 
0.85, and for Nal.I, the ratio is 1.69 

The N. F. formula for iodine solution directs the 
use of 2 Gm. of iodine and 2.4 Gm. of sodium iodide 
with water to make 100 cc. The solubility graph 
shows that 2.23 Gm. of sodium iodide, or 7.3°) less 
than the formula-directed 2.4 Gm. of sodium iodide, 
is required to retain in solution 2 Gm. of iodine at 
25°. The rubric for iodine solution allows a mini 
mum of 1.8 Gm. of iodine and a minimum of 2.1 Gm 
of sodium iodide. Under these conditions, an ex- 
cess of about 3.5% of sodium iodide is present at 
25°. When the maximum rubric allowances for 


* Received September 6, 1951, from the Laboratory of the 
AMERICAN PHARMACEUTICAL ASSOCIATION Washington, 
D.C 


1 The maximum concentration allowed in the monograph 
for iodine solution N. F. 
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Increasing the amount of iodide in the official 
tinctures of iodine facilitate their miscibility with water. 


both iodine and sodium iodide are met, an excess of 
about 6°; of sodium iodide is present at 25°. When 
the maximum of 2.2 Gm. of iodine and amounts of 
sodium iodide varying from the maximum of 2.6 
down to 2.05 Gm. were used to prepare iodine solu- 


tion, respectively, increasing amounts of iodine 
crystals separated from the solutions. The separa- 
tion of iodine increased as the storage temperature 
decreased (see Table I). Another iodine solution 
was prepared to contain 2 Gm. of iodine and 3.0 Gm. 
of sodium iodide in each 100 cc. (Assay results: 
2.00 Gm. I, 3.00 Gm. Nal No iodine separated 
from this solution even when it was cooled to, and 
kept at, —10°, although it formed a thixotropic 
mass after two hours at that temperature. No io- 
dine separated during the period of gradual warming 
to —4°, when a mixture of thixotropic mass and a 
small portion of liquid co-existed, nor upon warming 
to 15°, when the original clear solution was restored. 
Upon slowly recooling the solution from 15°, it re- 
mained a clear liquid at —6° after twenty-four 
hours; it formed a thixotropic mass after forty-five 
minutes at —8°, and it was a solid crystalline mass 
after seven hours at —9 Upon warming to 25°,a 
clear solution was obtained. Analysis of a sample 
of the solution at this point gave results that were 
identical with the assay results of the freshly pre- 
pared solution 

Effect of Water Dilution of Iodine Tincture, 
Strong Iodine Tincture, and Iodine Solution upon 
Iodine Solubility._Under certain conditions, such 
as a temporary exhaustion of stock supplies of iodine 
solution N. F. and iodine tincture U. S. P., it might 
be necessary to prepare 2% solutions of iodine by 
dilution of strong iodine tincture. Other conditions 
might make the dilution of iodine solution desirable. 
In order to ebtain specific dilution data the following 
tests were made 

Strong iodine tincture was prepared according to 
the N. F. formula with 7 Gm. of iodine and 5 Gm. of 
potassium iodide in each 100 cc. (Assay results: 
6.99 Gm. 1,4.94Gm. KI.) Another strong tincture 
was prepared using the approximate gram molecular 
equivalent in sodium iodide to replace the potassium 
iodide. The gram molecular equivalent of the 4.94 
Gm. of potassium iodide would be 4.46 Gm. of 
sodium iodide. (Assay results: 7.00 Gm. I, 4.44 
Gm. Nal.) A third tincture was prepared with 7 
Gm. of iodine and 8.4 Gm. of sodium iodide in each 
100 cc. (This is the same I: Nal ratio as in iodine 
solution N. F.) (Assay results: 7.00 Gm. I, 8.28 
Gm. Nal.) Iodine tincture U. S. P. was prepared 
with 2.0 Gm. of iodine and 2.4 Gm. of sodium iodide 
in each 100 ce. (Assay results: 2.00 Gm. I, 2.40 
Gm. Nal.) Iodine solution N. F. was prepared with 
2.0 Gm. of iodine and 2.4 Gm. of sodium iodide in 
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Soin Nal Tat 28°C, at 25° C Tat75°C Ratios at 25°C 
No Gm_/100 Ce Gm. /100 Ce Gm_/100 Ce Gm_/100 Ce Nal I I/Nal 
1 2 05 1.84¢ 1. 83° 1.682 1.12 
2 2.15 1.95" 1.92¢ 1. 76° l 
3 2.25 2. 2 03°" 1. 86° l 
4 2.35 2.17¢ 2.11¢ 1.95° 
5 2.39 2.21 2.16" 1.99" 1 
6 2.45 2.20 2.20 2.04° l 
7 2.53 2.20 2.20 2.12¢ ] 
2 60 2.20 2.20 2.18* 1 


* Crystals of iodine separated from solution 


each 100 ce. (Assay results: 2.00 Gm. I, 2.40 Gm 
Nal.) Another solution was prepared with 2.0 Gm 
of iodine and 3.0 Gm. of sodium iodide in each 100 
(Assay results: 2.00 Gm. I, 3.00 Gm. Nal.) 
Ten cubic-centimeter portions of the preparations 
were transferred with pipettes to glass-stoppered 
graduated cylinders. Distilled water was added in 
small portions and the mixed dilutions were kept 
at 25° for at least three hours. The dilutions at 
which undissolved iodine was observed are given in 
lable 11. When a 1:1.5 dilution of iodine solution 
N. F. was first prepared and further dilutions were 
made gradually by increments of 0.2 to 0.5, crystals 
of iodine were definitely noted only when the tabu- 
lated dilution of 1:3.5 was reached (see Table I1) 
If no iodine separated at this dilution, there would be 
0.69 Gm. of sodium iodide and 0.57 Gm. of iodine 
in each L00ce. Extrapolation of the curve in Fig. 1 
indicates that a 0.69°, (wv) water solution of 
sodium iodide should hold no more than 0.55%, 
(wv) of iodine at 25 The separation of iodine 
from the 1:3.5 dilution might have been predicted. 
However, when sufficient water was added to the 
original solution to immediately form a 1:10 dilu- 
tion, no iodine vapors appeared and the dilution re- 
mained clear. Addition of sufficient water to strong 
iodine tincture N. F. or to the sodium iodide-sub 
stituted product to form a 1:3.5 dilution, which con- 
of iodine, vields a clear, stable solu 


ec 


tains 2°, (w/v 
tion containing about 24°, of alcohol 


DISCUSSION 


Effect of Alcohol. The solubilizing effect of alco- 
hol on iodine-iodide solutions appears to diminish 
rapidly between the alcohol concentrations of 20 and 
lw lodine crystals separated from a 1:4.3 dilu 


tion of strong iodine tincture in which the potassium 
iodide was replaced by an equivalent amount of 
sodium iodide 


At this dilution there were present 


Il 


Nal 
1. Gm Gm 
lodine Preparation 100 Ce 100 Ce 
Strong Tincture N. F 7.0 50 
Strong Tincture 7.0 $5 
Strong Tincture 7.0 R 4 
Tincture U.S. P 2.0 2.4 
Solution, N. F 2.0 2.4 
Solution’ 20 3.0 


Modified formula increasing the Nal from 24 Gm. to 3 
Potassium iodide 


4 No I crystals separated during dilutions to a final dilution of 1: 80 


1.05 Gm. of sodium iodide and about 1.6 Gm. of 
iodine in each 100 ce., and the concentration of alco- 
hol was about 20%. An aqueous solution contain- 
ing 1.05% (w/v) of sodium iodide would, by extra- 
polation of the curve in Fig. 1, hold about 0.88% 
(w/v) of iodine in solution. The fact that almost 
double that concentration remained in solution can 
be attributed partly to the alcohol 

Iodine crystals separated from a 1:5.5 dilution of 
iodine tincture U.S. P. At this dilution the theo- 
retical concentrations would be: sodium iodide, 
0.44°> (w/v); iodine, 0.365) (w/v); alcohol, about 
9°). An aqueous solution containing 0.44°) of 
sodium iodide would hold about 0.32; of iodine in 
solution. If 0.36°;, of iodine were present, the sepa 
ration of iodine crystals would be expected. The 
presence of 9°) of alcohol did not exert a sufficient 
solubilizing effect to prevent the separation of iodine 

Controlled Manufacture and Stability. —The of- 
ficial 2% iodine preparations are effective bacteri- 
cides, and they are stable, when stored properly at 
room temperature. When the purity and the mois- 
ture content of the sodium iodide is known, the de- 
sired ratio of sodium iodide to iodine is easily con- 
trolled 

It is possible, however, to prepare iodine solutions 
with amounts of iodine and sodium iodide within the 
rubric limits that will deposit iodine crystals at room 
temperature upon dilution of the primary solution 
of iodine in sodium iodide. This is more likely to 
happen with extemporaneously compounded iodine 
solution, because the pharmacist would not know 
how much moisture the sodium iodide contained 
and he would probably not allow for any moisture 
content. If 2 Gm. of iodine were accurately weighed, 
any amount of sodium iodide less than 2.22 Gm 
would allow separation of free iodine at 25°, and 
separation would occur at 7.5° if less than 2.35 Gm 
of sodium iodide was present in each 100 cc. of solu- 
tion (see Fig. 1). Separation of iodine crystals 


Errect oF UPON loping SOLUBILITY IN LoDINE SOLUTIONS AT 25 


Corre- 

Dilution Alcohol I sponding 
When I in Final Conen in Nal 
Crystals Diln Final Diln Conen 

Separated % v/v Gm_ (100 Ce. Gm_ 100 Ce 
1:4.4 19.3 1.59 1.14 
1:4.3 19.8 1.63 1.05 
: 1.1 0.09 0.10 
1:5.5 9.1 0.36 0.44 
1:3.5 0.0 0.57 0.69 

0.02 


0.04 


Modified formulas using 4.5 Gm_ and 8.4 Gm. of Nal to replace the KI in the official formula 


0 Gm. per 100 ce 
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23 


22 


20 


6m./100 CC 


20 21 22 23 24 25 26 27 
SODIUM IODIDE, GM./ 100 CC 

Fig. 1. —-Sedium iodide-iodine solubility relation 
from iodine solution is undesirable, because the free 
crystals might be transferred to the treated surface 

The official rubric for iodine solution allows a 
—12.5°, deviation of the sodium iodide, while a 
plus deviation of 8.3°, is allowed. If the rubric 
minimum for sodium iodide were placed at 2.7 Gm., 
any amount of iodine up to and including the maxi- 
mum of 2.2 Gm. would be held in solution, even when 
the temperature fell to 10 The modified rubric 
could read: “iodine solution contains, in each 100 
ec., not less than 1.8 Gm. and not more than 2.2 Gm. 
of iodine, and not less than 2.7 Gm. and not more 
than 3.3 Gm. of sodium iodide.” The formula 
would be modified to read: “iodine 20 Gm., sodium 
iodide 30 Gm., distilled water, a sufficient quantity, 
tomake 1,000 cc." The stability of this solution and 
its complete water-miscibility have been demon 
strated. A similar change could be made in the 
sodium iodide content of iodine tincture U.S. P. 


Tachysterol 

Selachy] alcohol 
Camphorene 
p-Fucose 

a, 8-Dodecenoic acid 
Tropine 

Casein (pure) 
Cytochrome oxidase 
Ecgonine 

Luminol 


WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal, and 
Dearborn Streets, Chicago, Ill, seeks information on sources of supply for the following chemicals: 


Substitution of Sodium for Potassium Iodide. 
It has been recommended that the potassium iodide 
in strong iodine tincture N. F. should be replaced 
by sodium iodide. The sodium salt is less toxic to 
tissue, and its use would allow utilization of the 
same denatured alcohol for the U. S. P. and N. F. 
tinctures (3). If strong iodine tincture N. F. is to 
be considered for its antiseptic usage only, or for 
its value as a counter-irritant, or for both of its 
therapeutic applications, the 5 Gm. of potassium 
iodide can be replaced by the molecular equivalent 
of 4.52 Gm. of sodium iodide or by 5 Gm. of sodium 
iodide. Either amount is more than enough sodium 
iodide to form Nal, with the 7 Gm. of iodine, and 
will solubilize the iodine in the water and water- 
alcohol solvents. The product could be diluted 
with water to prepare a 2°, iodine solution without 
the danger of causing the separation of iodine crys 
tals. 


SUMMARY 


1. The solubility relation between iodine and 
sodium iodide in water has been established for 
a limited range at different temperatures. 

2. The behavior of iodine-iodide solutions 
upon dilution with water has been observed. 

2. Modification of the formula for iodine 
solution N. F. by increasing the iodine from 24 
Gm. to 30 Gm. is considered. 

4. Modifications of the formulas for iodine 
tincture U. S. P. and strong iodine tincture N. F. 
are discussed. 
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8-Mercaptoquinoline 
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Terpinglycol ether 

Scopine 

Piperolynic acid 
Tetrazolium violet 
Epicatechin 

Copper pentachlorophenate 
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An alkaloid-free, water-soluble fraction which 
retained essentially all the toxicity to earth- 
worms of the original powder was prepared 
from areca. It is suggested that the taenia- 
cidal action of areca is mainly due to prin- 
ciples other than alkaloids. 


A= NuT, the seed of Areca Catechu, has 

India and 
China for many centuries. It is official in the 
National Formulary IX, though in the United 
States its use is generally restricted to veterinary 


been used as a taeniafuge in 


practice 

In ISSS Jahns extracted from areca the alka 
loid arecoline, and it seems to have been gener 
ally assumed, since, that the alkaloid is respon 
The National 
Formulary bases its assay on the alkaloidal con 
are, however, 


sible for the anthelmintic activity. 


tent calculated as arecoline 
some grounds for doubting that the taeniacidal 
effect is due solely to arecoline. Arecoline hydro 


bromide may be considered as a quaternary 
ammonium compound and as such is muscarinic 
and parasympathomimetic in action. It would 
be expected to stimulate peristalsis and thus 
perhaps exert some vermifugal effect, but there 
is no a priori reason for expecting a vermicidal 
effect. Attempts to critically evaluate arecoline 
as an anthelmintic (1-3) have not been entirely 
successful. Arecoline hydrobromide adminis- 
tered orally to small numbers of dogs gave posi 
tive results in only slightly more than 50 per cent 
of the animals, and subcutaneous injection re 
sulted in no anthelmintic effect 


When worms were expelled, they were alive, 


whatsoever. 


which suggests a vermifugal effect. 

In the Orient, the usual form of administration 
is as an infusion or decoction. Although areco 
is unlikely that such 
preparations contain any appreciable amount of 
alkaloid 
for extraction, and decoction processes run the 
Nonetheless, 


line is water soluble, it 


infusion does not allow sufficient time 


risk of volatilizing the arecoline 
such preparations have been found to possess 
Liu (4) ob 
tained successful results in all of 10 cases of 


considerable taemiacidal activity. 
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The Possible Taeniacidal Action of an Alkaloid-Free 
Fraction of Areca* 
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taenia infestation of humans with a half-hour 
decoction of 30 Gm. of areca in 200 cc. of water. 
It was therefore thought worth while to deter 
mine if arecoline-free preparations of areca exert 
the anthelmintic effect. 


EXPERIMENTAL 


A slight modification of the toxicity in vitro 
method on earthworms as used by Straub, Trendelen- 
burg, and later Sollmann (5-7) was employed 
Sollmann placed the worms and drug solutions in 
conical glasses, but in the present experiments flat- 
bottom crystallizing dishes were used. With these 
dishes, and by using only enough of the drug solu- 
tion to cover the bottom of the dish, it was possible 
to expose worms to any toxic effects while reducing 
to a minimum the possibility of producing death by 
drowning. This method of evaluation is admittedly 
not entirely conclusive, but Sollmann found a good 
correlation between toxicity to earthworms and 
anthelmintic activity in an extended series of drugs 

Powdered areca nut, which had been verified 
pharmacognostically, was assayed according to the 
N. F. method, and was found to contain 0.45%, of 
ether-soluble alkaloids calculated arecoline. 
Preparations were made with various percentages up 
to 10° of this powder both by infusion for fifteen 
minutes and by boiling for one hour. These prepa- 
rations were tested with the standard alkaloidal 
precipitants and gave negative results in ail cases." 


Tasie To EARTHWORMS OF INFUSIONS 
or ARECA* 

Areca, ‘, Immediate Reaction Final Reaction 
1.0 Whipping Death in 4-5 hr. 
0.5 Whipping Death in 4-5 hr. 
0.25 Whipping Death in 4-5 hr. 
0.125 Whipping Death in 4-5 hr. 
0.0625 None Death in 10-24 hr 


® Essentially the same results were obtained with de- 
coctions. 


One hundred cubic centimeters of preparation 
was placed in a crystallizing dish 8 in. in diameter. 
Five earthworms were placed in the dish and their 
behavior observed for fifteen minutes, after which 
time their condition was checked at fifteen-minute 
intervals. It was found that at concentrations of 
0.125°) and above, both the infusion and the de- 
coction exerted a vermicidal effect On_ being 
placed in the solution, the worms whipped and coiled 
vigorously for the first few minutes and then be- 
came progressively more sluggish until death super- 
vened after four or five hours (Table I). These 
preparations maintained their toxic effect when 


! Phosphomolybdic acid T. S. was found to be the most 
sensitive reagent for arecoline hydrobromide 
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tested for a period of two weeks after preparation. 
Control worms placed in 100 cc. of distilled water 
were healthy and vigorous after more than twenty 
four hours 

Aqueous solutions of arecoline hydrobromide 
were tested in a similar manner. The strength of 
these solutions was equivalent to what would have 
been the strength of the infusions and decoctions 
had they contained all the available alkaloids 
Thus a 0.045°% solution of arecoline hydrobromide 
was considered equivalent to a 10°; infusion. It 
was found that these equivalent solutions of are- 
coline hydrobromide had no toxic effect on the 
worms even after twenty-four hours (Table I1). 


Tasie Il.—Toxicity to EARTHWORMS OF ARECO- 


Arecoline Equiv Immed 
{Br, Areca, Reaction Final Reaction 
0.0045 1.0 None None in 24 hr. 
0.00225 0.5 None None in 24 hr. 
0.001125 0.25 None None in 24 hr. 
0.0005625 0.125 None None in 24 hr. 


An alkaloid-free fraction of areca was then pre- 


pared and tested. Areca powder was treated with 
alkali and extracted in a Soxhlet apparatus for 
eighteen hours with each of the following solvents: 
ether, chloroform, and alcohol. The alcohol frac 
tion was free of alkaloids (negative phospho- 
molybdic acid test), and presumably free of prin- 
ciples such as oils and resins. This fraction, when 
evaporated to dryness, yielded a reddish-brown, 
brittle, amorphous substance which dissolved readily 
in water. About 20 Gm. was obtained from 100 
Gm. of areca powder. Aqueous solutions of this 
fraction were tested for anthelmintic activity and 
found to equal in toxicity aqueous extracts of areca 
which were five times as strong percentage-wise 
(Table III.) Since 20 Gm. of this alkaloid-free 
fraction represented 100 Gm. of areca powder, it 
seems that in its preparation there had been no 
loss of the toxic principles which are found in aqueous 
extracts of areca. 

Migration Tests..-A two-foot-length of one-half 
inch glass tubing was bent at a 45° angle 6 in. from 
each end to form a broad U-shaped tube, and the 
horizontal section was filled with distilled water 
An earthworm was introduced and allowed to settle 
near the center of the horizontal section. Then 5 
ce. of 1% areca infusion was introduced at one end 
of the tube and 5 cc. of an equivalent solution of 
arecoline hydrobromide (0.0045%) was introduced 
at the other end. The worm’s migration to the end 
of the tube containing the arecoline hydrobromide 
indicated that arecoline solution was the less irritant 
of the two. Similar results were obtained with a 
0.2% solution of the alkaloid-free fraction and 
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0.0045% solution of arecoline hydrobromide. When 
a 1° infusion of areca and a 0.2°) solution of the 
alkaloid-free fraction were opposed, the worm took 
up a position in the center of the horizontal tube, 
indicating that the two solutions were approxi- 
mately equal irritants. 

Preliminary Chromatographic Investigation of 
Alcohol-Free Fraction...Aqueous solutions of the 
reddish-colored, alcohol-free fraction were passed 
through various adsorption columns such as glucose, 
fuller’s earth, activated carbon, alumina, and mag 
nesia. Magnesia appeared to be the most effective 
agent. All of the color was adsorbed on a single 


band and toxic solutions of the alkaloid-free fraction 


Taste III.—-Toxricrry to EARTHWORMS OF ALKA- 
LOID-FREE FRACTION (A.F.F.) oF ARECA 


A.F.F., Equiv Immed 

% Areca, “; Reaction Final Reaction 
0.1 0.5 Whipping Death in 4-5hr. 
0.15 0.25 Whipping Death in 4-5hr 
0.025 0.125 Whipping Death in 4-5hr. 
0.0125 0.0625 None Death in 12-24 hr, 


(0.05 and 0.1°)) were found to be nontoxic to worms 
after passing through a magnesia column. So far, 
attempts to obtain the active principle by elution 
from the magnesia column have not been successful, 


SUMMARY 


Alkaloid-free infusions and decoctions of areca 
are irritant and toxic to earthworms. Arecoliné 
hydrobromide in solutions of equivalent strength 
are nonirritant and nontoxic to earthworms, 
An alkaloid-free, water-soluble fraction was found 
to retain essentially all the toxic effects on earth- 
worms of the original areca powder. It therefore 
seems probable that the well-known taeniacidal 
effect of areca is mainly due to principles other 
than the alkaloids contained. 

Preliminary attempts to isolate the active 
principles by adsorption chromatography were 
unsuccessful, but further attempts, using various 
techniques such as dialysis and electrophoresis, 
are planned. 
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Thiophene and Its Derivatives. By Howarp D. 
HarrouGu. Interscience Publishers, Inc., New 
York, 1952. xvii + 533 pp. 16 x 23.5 cm 
Subscription price $15; list price $16.50 
This is the third volume to appear of a series of 

monographs devoted to a modern detailed and 
comprehensive presentation of heterocyclic chem- 
istry by a group of authorities. The subdivisions 
have been designed to cover the field in its entirety 
by monographs which reflect the importance and 
the interrelations of the various compounds. 

rhis treatise, according to the author, was de- 
signed to cover critically all phases of thiophene 
chemistry and to point out some of the existing 
problems yet to be solved. Even a casual examina- 
tion of Dr. Hartough’s book will indicate to the 
reader that the author's aim in writing it has been 
eminently successful. The book is of special inter- 
est to research workers in organic pharmaceutical 
chemistry because of the use of thiophene deriva- 
tives as intermediates in the synthesis of certain 
antihistaminic drugs, and the possibility of using 
them for the development of other new drugs in 
addition to the antihistaminics. The biological and 
pharmacological activity of thiophene and its deriva- 
tives is adequately reviewed in a chapter contributed 
by Professor F. F. Blicke of the College of Pharmacy 
of the University of Michigan. 

The scope of the book can best be visualized from 
an examination of the chapter titles, which are: 
General Discussion; Biological and Pharmaco- 
logical Activity of Thiophene and Its Derivatives; 
Synthesis and Physical Properties of Thiophene and 
Its Homologs; Molecular Structure and Spec- 
troscopy of Thiophene and Its Derivatives; Factors 
Affecting Substitution Reactions in the Thiophene 
Nucleus; Alkylation, Polymerization, Hydrogena 
tion and Miscellaneous Reactions of Thiophene; 
Halothiophenes and Haloalkylthiophenes; The 
Nitro- and Aminothiophenes; Thiophene Com- 
pounds Containing Nitrogen in the Side Chain; 
Hydroxythiophenes, Thienylalkanols, Alkoxythio- 
phenes, and Thienylalkyl Ethers; Aldo and Keto 
Derivatives of Thiophene; Carboxy Derivatives of 
Thiophene; Sulfur Derivatives of Thiophene; 
Metal and Miscellaneous Metalloid Derivatives of 
Thiophene; Synthesis and Properties of Di- and 
Polythienyls and Arylthiophenes; and Selenophene, 
Tetrahydroselenophene, Tellurophene, and Tetra- 
hydrotellurophene 

Since the discovery of thiophene in 1882, by Victor 
Meyer, many publications concerning it and its 
derivatives have appeared. The most active 
period of research in the field of thiophene chem- 
istry, however, has been since 1945, when it first 
became commercially available. As an example of 
the recent acceleration of research during this 
period, the author points out that since October 1, 
1949, when the manuscript for the text was com- 
pleted, about 400 additional articles and patents 


338 


have been published. Thiophene and Its Deriva- 
tives should find wide appeal and create much in 
terest among research workers in organic chemistry, 
and particularly those interested in drugs, resins, 
or dyes. It is interesting to note that the main 
commercial use for thiophene derivatives at the 
present time is as intermediates in the production of 
antihistaminic drugs. It is predicted, however, 
that other commercial applications will develop 
rapidly in the future 

The book is completely documented with refer 
ences through October 1, 1949. Its value is en- 
hanced by an adequate subject index, and an 
appendix in which established and tested prepara- 
tive methods for thiophene derivatives useful as 
intermediates are given. The format of the book 
is attractive, and the printing and binding are of 
excellent quality. 


The 1951 Year Book of Drug Therapy. Edited by 
Harry Beckman. The Year Book Publishers, 
Inc., Chicago, 1951. 502 pp. Illustrated. 20 x 
13cm. Price $5 
This book is composed of a series of abstracts of 

essentially significant articles dealing with drug 

therapy which were published between August, 

1950, and September, 1951. No attempt is made 

to present an annotated bibliography on the various 

conditions and treatments discussed, but it appears 
that the most significant publications are covered 

The references to the original articles cited will 

enable the reader to locate additional information if 

he so desires. While the book is mainly of interest 
to physicians, some pharmacists who are frequently 
called upon for advice on recent developments in 
drug therapy will find the book useful as a ready 
reference. The value of the book is enhanced by 
an index to authors and an adequate subject index 


The Physiological Foundation of Dental Practice. 
By L. L. Lanciey and E. Cueraskin. C. V. 
Mosby Company, St. Louis, Mo., 1951. 511 
pp. Illustrated. 18 x 25.5 cm. Price $8.25 
This relatively concise textbook on physiology 

has been designed to meet the special needs of dental 

students by specially emphasizing the parts of the 
subject of particular dental interest. For example, 
the physiology of the nervous system is first con- 
sidered, and comprises about a third of the entire 
book. The authors explain that this is justified 
because the dentist is concerned more intimately 
with the nervous system than with any of the other 
systems. The book is clearly written, well illus- 
trated, and suitably documented at the end of each 
chapter with references to supplementary read- 
ings. It is quite possible that it could be used 
advantageously as a textbook for students in 
pharmacy or as a reference book for supplementary 
reading in that subject 
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Inorganic Pharmaceutical Chemistry. 5th ed. By 
Cuartes H. Rocers, Taito O. Sore, and 
CuarRLes O. Witson. Lea and Febiger, Phila- 
delphia, 1952. 850 pp. Illustrated. 16.5 x 24 
em. Price $10 : 

The fifth edition of Dean Rogers’ well-known 
textbook represents a thorough revision whereby 
it has been brought entirely up to date. The new 
edition includes many recent advances in the field 
of imorganic pharmaceutical chemistry and con- 
forms to U.S.P. XIV and N.F. IX 

The pharmacology, actions, and 
medicinal chemicals described are stressed to a 
greater extent than in previous editions. In the 
new edition, only salts of organic acids in which the 
inorganic portion of the molecule contributes to the 
therapeutic activity have been included. 

In general, the arrangemen( of each chapter is 
essentially the same as in previous editions. In 
each chapter a short historical sketch of the in- 
dividual element under consideration precedes in- 
formation concerning its occurrence, physical and 
chemical properties, tests for identity and purity, 
commercial manufacture and pharmacological ac- 
tion. This is followed by a comparable treatment 
of each compound of pharmaceutical interest 
Analytical chemists will approve the inclusion of 
brief explanations of the principles and reactions 
involved in official assays. This feature was 
omitted from the previous edition, and its reintro 
duction will greatly enhance the value of the book as 
a reference to this important phase of pharmaceuti- 
cal chemistry. 

The book is replete with important tabular ma- 
terial of considerable reference value which is not 
readily found elsewhere. The book should con- 
tinue to enjoy the wide use and popularity accorded 
the previous editions 

The binding and printing are of good quality, 
but one has a feeling that the format could be im- 
proved by making it more attractive and more 
modern in appearance. 
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The Merck Index of Chemicals and Drugs. 6th ed. 
Merck and Co., Inc., Rahway, N. J., 1952 
xiv + 1167 pp. 16x 23.5cm 
The Merck Index has been known to pharmacists 

as an excellent reference book since the publication 

of the first edition in 1889. The edition immediately 

preceding the current one was published in 1940 

The great advances that have been made since 1940 

are reflected in the new sixth edition of the Merck 

Index. This edition, as have previous editions, 

continues to provide a concise and reliable encyclo- 

pedic type of information relating to chemicals and 
drugs used in pharmacy and in the allied profes- 
sions. Of the 8,000 descriptions of chemicals and 
drugs, 2,900 are new, and those retained from 
previous revisions have been thoroughly revised 

Most of the useful tables of the fifth edition have 

been revised and retained. In addition to these, 

the sixth edition includes a table of standard buffers 
for calibrating pH measurements, a table of radio- 
active isotopes with pertinent information concern- 
ing each, and a table of medical uses for radioactive 
elements and their compounds. 

Of special interest to pharmaceutical chemists is 
the inclusion of a new section in which more than 
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300 organic ‘“‘Name” reactions are listed, with 
original and review references, together with a brief 
description and structural representation of the 
reaction. The new sixth edition of The Merck Index 
has been designed to furnish an enormous amount 
of useful information for the chemist, pharmacist, 
physician, and allied professions, and it can be 
recommended as a useful reference book for members 
of any of these groups. 


Vinyl 
SCHILDKNECHT. 
York, 1952 
23.5 cm. 


and Related Polymers. By Carvin E. 
John Wiley & Sons, Inc., New 

xi + 723 pp. Illustrated. 15.5 x 
Price $12.50. 

In this book the chemistry and physics of poly- 
merization and polymers, the basic inventions, the 
methods of synthesis, the advantages, and the 
limitations of the vinyl and related polymers are 
discussed. The book is divided into 14 chapters, 
and its scope can best be indicated by listing the 
titles of these chapters, which are: Styrene Poly- 
merization; Styrene Copolymerization; Styrene 
Derivative and Related Polymers; Methacrylic 
and Acrylic Ester Polymers; Acrylonitrile, Acrylic 
Acid and Related Polymers; Polymers from Vinyl 
Acetate and Related Monomers; Vinyl Chloride 
Polymers; Vinylidene Chloride and Fluorovinyl 
Polymers; Ethylene High Polymers and Copoly- 
mers; High Polymers and Copolymers of Iso 
butylene; Vinyl Ether Polymers; Sulfur-Vinyl 
Compounds; Nitrogen-Vinyl Polymers; and Vinyl 
Ketone and Miscellaneous Polymers. 

The book is of special pharmaceutical interest 
because of its treatment of ion exchange resins, 
blood plasma substitutes, and dental resins 
Another useful feature is the citation of more than 
4,000 references to the original literature appearing 
between 1835 and the second half of 1951 
Throughout the book the trade names for hundreds 
of European and American products are given 
The book is provided with an adequate index and 
the printing and binding are of excellent quality. 


The Essential Oils. Vol. V. By Ernest GUENTHER. 
D. Van Nostrand Company, Inc., New York, 
1952. xvii + 507 pp. Illustrated. 16 x 23.5 
em. Price $9.75. 

This volume represents the fifth in a series of six 
volumes planned to include all pertinent informa- 
tion relating to essential oils. The first four volumes 
have been reviewed, and a reference to these reviews 
will be found in Tuts JourNAL, 39, 703(1950). In 
a work of this kind a design for presentation is es- 
tablished quite early and followed throughout 
Volume V continues according to the established de- 
sign and covers the essential oils obtained from the 
plant families Rosaceae, Mvyristicaceae, Zingiber- 
aceae, Piperaceae, Anacardiaceae, Santalaceae and 
Myoporaceae, Zygophyllaceae, Leguminosae, Hama- 
melidaceae, Dipterocarpaceae, Anonaceae, Oleaceae, 
Amaryllidaceae, Rubiaceae, Magnoliaceae, Capri- 
foliaceae, Violaceae, Resedaceae, Saxifragaceae, Caryo- 
phyllaceae, Primulaceae, Tiliaceae, and Compositae. 
In this volume, one will find information relating to 
the history, geographic origin, botanical descrip- 
tion, methods of cultivation of the plant from which 
the oil is derived, techniques of production and 
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yield of oil, physical and chemical properties 
chemical compositions, and use in various industries 
When the sixth edition of The Essential Oils is 
published, the complete, up-to date treatise on this 
important subject will equal or surpass the position 
of prestige occupied by Die Atherischen Ole, by 
Gildemeister and Hoffmann, during an earlier era. 


The British Pharmaceutical Codex 1949, Supplement 
1952. Published by Direction of the Council of 
the Pharmaceutical Society of Great Britain 
The Pharmaceutical Press, London, 1952. xii + 
148 pp. 14.5x 23cm. Price 25s 
One of the main purposes in issuing a 1952 

Supplement to the 1949 British Pharmaceutical 

Codex has been to bring it into conformity with the 

1951 Addendum to the British Pharmacopoeia. 

For a review of the 1951 Addendum see Tuts 

JourRNAL, 40, 417(1951)]. 

Part I of the Supplement includes 36 new mono- 
graphs, of which 14 relate to drugs added to the 
B.P. by the 1951 Addendum. The remaining 22 
monographs are for drugs not previously recognized 
by either the B.P. or the B.P.C. In Part II certain 
monographs have been revised to bring them into 
conformity with revised monographs of the British 
Pharmacopoeia. In Part III eight of the nine 
preparations of human blood originally appearing 
in the B.P.C., but now added to the B.P., have been 
suitably revised to indicate this change. A number 
of formulas for the preparation of drugs included in 
Part I of the Supplement appear in Part VI. With 
the publication of this Supplement, the 1949 British 
Pharmaceutical Codex has been brought completely 
up to date 


Laboratory Manual for General Bacteriology 4th 
ed. Compiled by Grorce L. Pertier, Cart E. 
Georet, and Lawrence F. LinpGren. John 
Wiley & Sons, Inc., New York, 1952. viii + 293 
pp. 22.5x 275m. Price $3.50 

Proceedings of the London Conference on Optical 
Instruments 1950. John Wiley & Sons, Inc., 
New York, 1952. xv + 264 pp. 22.5 x 14.5 cm. 
Price $7.00 


The 1951 Year Book of Drug Therapy Ed. by 
Harry Beckman. The Year Book Publishers, 
Inc., Chicago, 1951. Illustrated. 502 pp. 20x 
Price $5.00. 


The Utilization of Sugar Cane Bagasse for Paper, 
Board, Plastics, and Chemicals. 2nd ed. By 
CLARENCE J. West (comp lrechnological Re- 
port Series No. 8. Sugar Research Foundation, 
Inc., New York, 1952. 202 pp. 23 x 15.5 cm 


The Art of Eloquence. By Tukopore R McKe.pin 
and Joun C. Krantz. The Williams and Wilkins 
Co., Baltimore, 1952. x + 245 pp. 15 x 22.5 
em. Price $3.00 


BOOKS RECEIVED 


Vol. XLI, No. 6 


The Enzymes—Chemistry and Mechanism of Action. 
Vol. II, Part 2. Edited by James B. SUMNER and 
Kart Myrpack. Academic Press, Inc, New 
York, 1952. xi + 649 pp. 16x 24cm. Price 
$14 
This book is the last in a series of two volumes, 

each in two parts. The work is encyclopedic in 

scope and constitutes an outstanding contribution 
by presenting a comprehensive survey of the entire 
field involving enzymes. For references to re- 
views and descriptions of previous parts of The 

Enzymes see Tuts JouRNAL, 41, 54(1952). Part 2 

of Volume II is of special pharmaceutical interest, 

as indicated by the chapter titles: Bacterial 

Fermentation; Enzymes in Detoxication; Urea 

Synthesis; Peptide Bond Synthesis; Enzymatic 

Synthesis of Glutamine; Synthesis of Acetyl- 

choline; Choline Acetylase; Oxidative Assimila- 

tion by Microorganisms; Enzymatic Mechanisms 
of Carbon Dioxide Fixation; Carbohydrate-Fat 

Conversion; Photosynthesis in Green Plants: 

Bacterial Photosyntheses; Nitrogen Assimilation; 

Tumor Enzymology; and Enzyme Technology. 
The chapter on enzyme technology is broad in 

scope and presents a clear picture of industrial 

applications of enzymatic processes. Each chapter 
of the book is written by a particularly well-quali- 
fied author, and, throughout, it is completely 
documented with references to the original litera- 
ture. The authors and the publisher are to be 
congratulated upon the completion of this ambitious 
undertaking which so thoroughly ayd clearly covers 

a field of many ramifications and many varied 

applications to many branches of chemistry and of 

the biological sciences. 


Arithmetic of Pharmacy. By CHaRLes H. STocKING 
and Eimon L. Carauine. D. Van Nostrand Co, 
Inc., New York, 1952. xii + 148 pp. 23.5 x 16 
em. Price $2.75. 

The National Formulary 1952. Published by the 
British Medical Association and the Pharmaceu- 
tical Society of Great Britain, London, 1952 
196 pp. 11x 17 cm. Price 4s. 6d. (postage 3d). 

E Merck's Jahresbericht. 6Ath yearly edition, 1950 
Verlag Chemie G. m. b. H., Weinheim A. D. 
Bergstr., Germany, 1951. 432 pp. 14.5 x 22. 
em. 

Introduction to Mycology By J. A. MACDONALD. 
Academic Press, Inc., New York, 1951. x + 177 
pp. Illustrated. 14.3x 223cm. Price $3. 


The Merck Index of Chemicals and Drugs. 6th ed. 
Merck & Co., Inc., Rahway, N. J., 1952. xiv 
1167 pp. 16x 23.5cm. 

When Doctors Are Patients. Edited by Max PIn- 
NER and BENJAMIN Minter. W. W. Norton 
& Co., Inc., New York, 1952. xix + 364 pp. 14.8 
x 22cm. Price $3 95. 
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Your needs are “best filled” 
when we conce 


One of our specialties: 


bismuth salts 


How can we “best fill your fine chemical needs” and help 
you maintain the precise standards you as o pharma- 
ceutical manufacturer demand? 


By producing many fine chemicals—or by concentrating 
on a few, making sure that each of them fits the job you 
have for them? 


We hove always felt that you could be served better, 
and in more woys, if we followed the latter course. 


Let us see how you goin by using one of our specialties: 
Bismuth Salts. 


Bismuth Subcarbonate, for example. Is your antacid 
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preparation a liquid, a powder, a tablet? You can choose 
from Baker a Bismuth Subcarbonote thot will “best fill 
your specific needs.” We make four different densities. 


Boker's Bismuth Subcarbonates, and Boker's Bismuth 
Nitrate, Subgollate, Subnitrate, Oxychloride, and Sub- 
salicylate, are made from the purest grades of bismuth 
metal. A reagent grade of acid is used for the initial 
reaction. Color of these chemicals is exceptionally stable 
under exposure to actinic light. 


Samples and prices will be forwarded gladly upon 
request. Write to Fine Chemical Division, J. T. Baker 
Chemical Co., Phillipsburg, New Jersey. 


Baker Chemicals 
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RAPIDLY... 
ACCURATELY 


WITH FISHER-LILLY ZONE (\ READER 


One edge of inhibition zone image 
is positioned tangent to the line on the 
ground glass prism. 


Opposite edge is positioned to same 
line, and the distance between the 
two edges is read directly on dial. 


Now, with the Fisher-Lilly Zone Reader, you can conduct 

antibiotic assays with the same degree of accuracy that you 

get with other medical and clinical determinations. And you 

measure inhibition zones directly for a more rapid reading. 
Procedure is simple. After inoculating solidified agar in 

a Petri dish with bacteria you: 

@ Place four Assay Paper Discs on agar surface, transfer unknown 


antibiotic to two discs and known antibiotic to remaining discs 
(transfer of exact amounts is easy with Fisher Automatic Pipette). 

@ Incubate, place dish on Zone Reader table, and position by geared 
knobs until one edge of clearly-reflected circular inhibition zone is 
tangent to line on ground glass prism at front of instrument. 

@ Set dial knob at zero and reposition image until opposite edge is 
tangent to same line . . . and read dial for a direct measurement. 
Do same for other three zones and you have comparison needed for 
accurate assay. 


Simple, isn’t it? Write today for more data. 


Complete stocks of laboratory instruments, apparatus, reagent chemicals, 
furniture, and supplies of PITTSBURGH, NEW YORK, ST. LOUIS, 
WASHINGTON, MONTREAL and TORONTO. For more information 
write: Fisher Scientific Co., 757 Forbes St., Pittsburgh 19, Pennsylvania. 
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America’s Largest Manuf. Distributor of Laborat and Reagent Chemicals 
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